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Some Investigations on Cell Behavior under Various 


Conditions: 


A Review 


Hans LETTRE 


(Institut fiir experimentelle Krebsforschung der Universitit, Heidelberg, Germany) 


Some of the basic problems of cancer research 
arise in the field which we call cytobiochemistry. 
Besides fundamental research on the chemistry of 
cell behavior, we have been especially interested 
in the search for substances with tumor-inhibiting 
properties. This review is a survey of work on 
mitotic poisons, their antagonists and synergists, 
the chemistry of cell division, the relation between 
cell metabolism, growth, and division, and the be- 
havior of components of tumor cells in transplan- 
tation. 


1. Mrrotic Poisons 


In 1937, Dustin (11) described the ability of 
colchicine to inhibit mitosis of cells (normal and 
malignant) in vivo (12, 13). Colchicine is one of the 
compounds that Dustin called “poisons caryo- 
clasiques.”’ In 1939, Ludford (82) described a simi- 
lar action by several compounds on cell division 
in vitro; he called these substances “mitotic poi- 
sons.”’ We found that not all the substances which 
Dustin called “poisons caryoclasiques”’ produced 
an effect on cells in vitro—i.e., a direct action on 
the cell in division. Thus, we propose to call a 
substance a “mitotic poison” only if its direct 
action on the cell has been proved. Examples of 
such substances are colchicine, acriflavine, podo- 
phyllotoxin, auramine, and others. 

Any type of dividing cell of animals or plants 
would be suitable for testing the effect of a sub- 
stance on mitosis. We used two methods: tissue 
culture (including fibroblasts, carcinoma, normal 
epithelium and other tissues) and the mouse 
ascites tumor. 

* Based on talks presented at the Gordon Research Confer- 


ence, AAAS, on August 27, 1951, and at the University of Wis- 
consin on September 20, 1951. 


Received for publication April 30, 1952. 


Tissue culture (24).—Several cultures of 
chicken mesenchymal or heart fibroblasts, 48 
hours old, were divided into two portions. One half 
was explanted as a control culture in a medium 
consisting of 1 drop of chicken plasma, 1 drop of 
embryonic juice, and 1 drop of saline solution. The 
second part, serving as the experimental culture, 
was explanted in a medium containing the solution 
of the substance to be investigated instead of the 
pure saline solution. The final concentration of 
the added substance was one-third that of the 
added solution and is expressed in yng/ml. At the 
end of 24 hours, control and experimental cultures 
were compared. The effect of a mitotic poison is so 
drastic that the effect can be observed qualitative- 
ly in the living culture (Figs. 1 and 2). For quanti- 
tative estimation, the cultures were stained and 
the numbers of mitoses counted and morpho- 
logical changes recorded. To investigate effects on 
the cell spindle, the staining method of Ehrlich- 
Biondi was used, and the stained preparation was 
observed under the phase contrast microscope (24) 
(Fig. 3). In the case of colchicine, 0.01 ng/ml can 
be detected by its action on dividing fibroblasts. 
Since 1939, more than 1,000 chemical compounds 
have been investigated by this method, involving 
about 350,000 cultures of fibroblasts (reviewed by 
Lettré, 31, 35). We used this method to estimate 
the distribution of colchicine in the body; extracts 
of different organs were tested for their effect on 
tissue cultures. By this method—comparable in its 
sensitivity to the method of isotopically labeled 
compounds—we found that colchicine is excreted 
chiefly by the liver via the bile into the intestine; 
there is no urinary excretion. Even when toxic 
dosages were administered, the brain contained 
no amount detectable by this method (75). In 
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unpublished experiments with Roeder (Gdéttin- 
gen), we found that colchicine derivatives intro- 
duced by means of iontophoresis into the brain of 
guinea pigs had no acute toxic effect; the colchicine 
derivative could be detected in the liver 10 
minutes after the iontophoresis. 

Motion pictures are an important aid in study- 
ing the action of mitotic poisons on cellular be- 
havior. Films of our studies are available to uni- 
versities (33, 34). 
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CuHart 1.—Weight curves of mice with ascites tumor. 

I—At A, 0.2 ml. tumor ascites inoculated intraperitoneally. 

II—The same and at C, 10 yg. colchicine daily, as indi- 
cated. 

ITI—No tumor inoculated; at C, 10 yg. colchicine daily, as 
indicated. 

I V—No tumor inoculated; at C, 20 yg. colchicine daily, as 
indicated. | 

+—Death of mice. 


The mouse ascites tumor.—In 1932 Loewenthal 
and Jahn (81) described a subline of the Ehrlich 
mouse carcinoma. By intraperitoneal injection of 
free cells of this tumor they succeeded in obtaining 
an ascites containing free tumor cells. Since 1940 
we have used this ascites tumor for studying the 
influence of exogenous factors on its growth (25, 
26, 36). The production of ascites, together with 
the increase in the number of tumor cells, drasti- 
cally changes the weight curve of the mouse. The 
increase in weight may be 20-30 gm. Thus, the 
weight curve of the animal after the injection of the 
tumor cells is a good indicator of tumor growth. 
Following the injection of mitotic poisons, the tu- 
mor growth was inhibited, and the difference be- 
tween the weight curves of the experimental 
animals and the control group can easily be ob- 
served (Chart 1). A comparison between the sur- 


vival time of the control group and that of the 
treated group gives a further indication of the 
activity of a substance. In 1934 Collier and Jahn 
(7) mentioned the mitotic figures in the dividing 
tumor cells and called this tumor an excellent ob- 
ject for cytological experiments. Brodersen (4) de- 
scribed a morphological method for investigating 
the mode of action of a substance. Smears of ascites, 
taken at different times after the injection of a 
substance, were stained and the number of mitoses 
and morphological changes recorded. Brodersen 
thus was able to differentiate between the action of 
colchicine, acriflavine, and x-rays (Chart 2). We 
use this method routinely to compare chemical 
compounds. The effect of N-methylcolchicamide 
(NMC), a more effective derivative of colchicine, 
was demonstrated by this method (Fig. 4) (62). 
By fractionating the dosage of NMC, we could 
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Cuart 2.—Effects of different agents on the number of 
mitoses of the mouse ascites tumor. 

I—Colchicine. 

II—Acriflavine. 

II1I—X-Rays. 

Ordinate: mitoses per 1,000 cells. 

Abscissa: hours after treatment. 


show, for instance, that five injections of 3 yg. of 
NMC, given every 24 hours, are much more effec- 
tive than a single injection of 15 yg. (Lettré and 
Bergdolt [55]). 

Following repeated injections of small doses of 
NMC and repeated transplantations of tumors 
treated in this way, a subline of the mouse ascites 
tumor was obtained which was resistant to this 
agent. We consider this resistant kind of tumor to 
be the result of a spontaneous mutation. This 
subline is also resistant to colchicine (61). Al- 
though cells of this resistant form divide by 
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mitosis, division cannot be influenced by colchi- 
cine or NMC. This finding is important for the 
theory of mitosis. It is important, too, for an un- 
derstanding of the action of colchicine on the 
normal form of the ascites tumor. The objection 
has been raised that the inhibition of tumor 
growth was only secondary to a primary effect on 
the host. In investigations with the resistant form 
the hosts receive the same injury from the sub- 
stance as in the case of the sensitive form. There- 
fore, the inhibition of the sensitive form is actually 
a direct effect on the tumor cell and not a sec- 
ondary phenomenon. 

Colchicine and derivatives.—The formula of 
colchicine (Table 1, I) proposed by Dewar (9, 10) 


TABLE 1 
COLCHICINE AND DERIVATIVES 


NH 
R R, 
HCO 
R 
I | 2 
R, 0 
Formuta I 
Ri Re 
-CO-CH; —OCH; colchicine 
-CO-CH; —OH colchiceine 
-H —OH trimethyleolchiceinic acid 
-H —OCH; desacetylcolchicine 
-CO-CH; —OC:2H; O-ethylcolchicine 
-CO-CH; —OC;H; O-propylcolchicine 
-CO-CH; C,H, O-butyleolchicine 
-CO-CH; —NH, colchicamide 
-CO-CH; —NH-CH; N-methylcolchicamide 
-CO-CH; —-NH-C2H; N-ethylcolchicamide 
-CO-CH; —N(CHs)e2 N-dimethylcolchicamide 
Formovta IIT 
-CO-CH; —-OH N-acetylcolchinol 
-CO-CH; —OCH; N-acetylcolchinol methy] ether 
-H —OH colchinol 


in 1945 now seems to be well established. Colchi- 
cine, an alkaloid from Colchicum autumnale, con- 
tains in its molecule three rings: one aromatic 
ring with three methoxyl groups, one seven-mem- 
bered ring with an acetylated primary amino group, 
and one tropolone ring with a methoxyl group. 
Since 1940, we have been investigating degrada- 
tion products and derivatives of colchicine to 
clarify the relationship between chemical con- 
stitution and activity as mitotic poison (58) 
(Tables 1 and 2). The hydrolysis of colchicine 
leads to colchiceine, the methyl group (Re in 
Table 1) being split off. Colchiceine is still a 
mitotic poison, but quantitatively its activity is 
only 4, of that of colchicine. Further hydrolysis 


removes the acetyl group. The resulting compound, 
trimethyleolchiceinic acid, has no activity as a 
mitotic poison (cf. Brues and Cohen [5]). Thus, 
we might conclude that the acetyl group is in- 
dispensable for activity. However, if we transform 
this compound into its methyl ether, desacetylcol- 
chicine, we get a substance of almost the same 
activity as colchicine, although it does not contain 
the acetyl group. Trimethylcolchiceinic acid is an 
amphoteric system, and this seems to be the reason 
for its inactivity. These results, published in 1942 
(29), are in agreement with the findings of Uliyot 
and his associates (14, 17). Windaus (93) trans- 
formed colchiceine to N-acetyliodocolchinol and 
acetylcolchinol; both substances are effective anti- 


TABLE 2 


ANTIMITOTIC ACTIVITY OF COLCHICINE 
DERIVATIVES ON CHICKEN HEART 


FIBROBLASTS 
Level showing 
activity 

Derivative (ug/ml) 
colchicine 0.01 
isocolchicine 0.4 
colchiceine ethyl ether 0.04 
isocolchiceine ethyl ether 9 
colchiceine propyl ether (mixture) 0.8 
colchiceine buty] ether (mixture) 2.5 
colchiceine 4.5 
desacetylcolchicine 0.05 


100 no activity 
100 no activity 


trimethylcolchicinic acid 
colchicinic acid 


colchicamide 0.01 
N-methylcolchicamide 0.0025 
N-ethylcolchicamide 0.003 
N-propylcolchicamide 0.08 
N-butylcolchicamide 0.9 
N-dimethylcolchicamide 0.005 
N-methyl, N-propylcolchicamide 0.5 
N-benzylcolchicamide 3 
N-acetyliodocolchinol 0.4 
N-acetylcolchinol 0.6 
colchinol 0.1 
N-methylcolchinol methyl] ether 4 
N-dimethylcolchinol methyl] ether 5 
hexahydrocolchicine 0.5 
oxycolchicine 10 
trimethoxyhomonaphthide 80 no activity 


N-acetyleolchinic acid anhydride 60 no activity 
mitotic agents. Colchinol (Table 1, II), obtained 
by hydrolysis of N-acetylcolchinol, is the simplest 
degradation product of colchicine that has activity. 
If the tropolone ring is destroyed by oxidation 
(N-acetylcolchinic acid anhydride) or if the nitro- 
gen is removed from N-acetylcolchinol methyl 
ether to desaminocolchinol methyl] ether or to the 
so-called trimethoxyhomonaphthide of Windaus, 
there is a complete loss of activity. Tropolone and 
its methyl ether do not show any antimitotic ac- 
tivity (71). 

By remethylation of colchiceine with diazo- 
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methane, two substances result: colchicine and an 
isomeric substance, isocolchicine (Sorkin [88]). 
Isocolchicine is a derivative of an isomeric form in 
the tropolone ring. The activity of isocolchicine is 
xy that of colchicine. The ethyl ether of colchi- 
ceine, corresponding to colchicine, has } the activ- 
ity of colchicine, but the ethyl ether sonmpenaiiien 
to isocolchicine only zs, (59). 

All these compounds are less effective than 
colchicine. The reaction of colchicine with am- 
monia produces colchicamide, comparable in its 


TABLE 3 


SOME EXAMPLES OF THE RELATION 
BETWEEN STRUCTURE AND ANTI- 
MITOTIC ACTIVITY IN THE STIL- 
BYLAMINE SERIES 


3’ 2’ 
a’ H 
2° C-NH, 
2 
3 


III. a,8-Diphenylethylamine (“Stilbylamine’”’) 
Level showing 


activity 

Substituents (ug/ml) 
unsubstituted none 
4’-methoxy- 4-5 
3’-methoxy- 20 
2’-methoxy- none 
4’-ethoxy- 0.4 
4’-propoxy- 0.8 
4’-butoxy- 1.8 
3’,4’-dimethoxy- none 
4,4’-dimethoxy- 
4-methoxy- 
3’,4’-methylendioxy- 6 
3’,4’-dimethylendioxy- 4 
3’,4’-tetramethylendioxy- none 
3’,4’ -hexamethylendioxy- 
3’,4’,5’-trimethoxy- 
4’ ~methyl- 10 
3’ ,4’-trimethylen- 10 
3’,4’-tetramethylen- 10 
2’ ,3'-benz- none 
3’ ,4’-benz- 
3,4,3’,4’-tetramethoxy- 
3,4,3’,4’-(methylen-dioxy)- 


activity on fibroblasts to colchicine. A great num- 
ber of substituted colchicamides were obtained by 
the analogous reaction of colchicine with primary 
and secondary amines (28). The activity of N- 
methyleolchicamide (and the N-ethyl and N- 
dimethyl derivatives) is greater than that of 
colchicine. The derivatives bearing substituents 
with longer carbon chains on the nitrogen atom 
have less activity (Lettré [36, 47, 67]). 

Synthetic analogs of colchicine.—In 1940, we 
started to synthesize substances similar in their 


structure to colchicine. At this time, the Windays 
formula of colchicine (93) was still accepted. 
Cook and Engel (8) made open-ring analogs of 
compounds corresponding to this suggested for- 
mula of colchicine. In applying their principles to 
the Windaus formula, Lettré and Fernholz synthe- 
sized  (4’- 
methoxy-stilbylamine) (Table 3) (58) and found it 
active on fibroblasts at 4 yg/ml. a-Phenyl-y(p- 
methoxyphenyl)-propylamine (compound IV), 


CH,- > NH, 


IV. a-Phenyl-y- propylamine 


analogous to the new colchicine formula, did not 
show any antimitotic activity. Therefore, we 
thought that the Windaus formula for colchicine 
was correct with respect to the size of the B-ring 
and the position of the nitrogen. 

We investigated a great number of derivatives 
of a,8-diphenylethylamine (“‘stilbylamine’’) and 
found a number of active compounds (Table 3) 
(56, 57, 58). The 4’-ethoxy derivative is the most 
active of these synthetic compounds; it was sepa- 
rated into its optically active forms (77). Only 
the isomer with (—)-rotation proved to be effec- 
tive; the (+)-isomer has no or only 73, of the 
activity of the (—)-isomer. Hence, its activity as a 
mitotic poison is stereochemically specific. 

The simplest synthetic compound with an anti- 
mitotic activity on fibroblasts is 1-aminoacenaph- 
thene (V), Ci2HiN. However, compared to 


H 
——C NH, 


V. 1-Aminoacenaphthene 


colchicine, C22H2OsN, its activity amounts to 
only (79). 

Alkaloids.—It seemed of interest to determine 
whether other alkaloids would have an effect on 
cell division similar to that of colchicine. We tested 
83 alkaloids and derivatives for their action on 
fibroblasts (50, 51). These alkaloids are listed in 
two groups (Tables 4 and 5): the first group has 
no chemical relation to the stilbylamine group, 
the second group are alkaloids which contain the 
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stilbylamine group. Among the first group there 
was no mitotic poison; but in the second group we 
found several acting as mitotic poisons: narcotine, 
gnoscopine, chelidonine, homochelidonine, meth- 
oxychelidonine, and protopine. It is striking that 


TABLE 4 
ALKALOIDS NOT RELATED TO STILBYLAMINE 
(Not mitotic poisons) 
tyramine lupinine eseridine 
hordenine lupinidine aconitine 
ephedrine cinchonine strychnine 
mescaline cinchonidine brucine 
hygrine quinine emetine 
nicotine quinidine cephaeline 
coniine cinchotenine ergotamine 
lobeline pellotine lycopodine 
piperine anhalonine lycoctonine 
atropine carnegine agaricine 
hyoscyamine cotarnine aricine 
scopolamine yohimbine gelseminine 
ecgonine aspidospermine taxine 
cocaine piloacarpine veratrine 
pelletierine physostigmine solanine 
TABLE 5 


ALKALOIDS RELATED TO STILBYLAMINE 
(Mitotic poisons in italics) 


I. aporphine group: oxyacanthine 
apomorphine rhoeadine 
morphothebaine d-tubocurarine 
corytuberine III. berberine group: 
corydine berberine 
bulbocapnine tetrahydroberberine 
boldine 16, 17-dihydrodesoxyber- 
glaucine berine 
laurotetanine palmatine 
laurotetanine methyl ether tetrahydropalmatine 
N-acetyllaurotetanine jatrorrhizine 

II. papaverine group: tetrahydrojatrorrhizine 
papaverine tetrahydrocoptisine 
laudanosine IV. chelidonine group: 
pavine chelidonine 
laudanine homochelidonine 
laudanosoline methoxychelidonine 
narcotine chelerythrine 
gnoscopine sanguinarine 
narceine V. cryptopine group: 
hydrastine protopine 
morphine cryptopine 
codeine 


the active alkaloids contain the stilbylamine 
group. It was mentioned before that this structural 
element seems to be essential for antimitotic 
activity in the synthetic compounds. The type of 
substitution is of importance for activity, and this 
may explain why not all alkaloids with the 
stilbylamine group are active. 

(Quinones.—The inhibiting effect of quinones on 
cell division was discovered by E. F. Lehmann 
(23). For his experiments he used eggs of Tubifex 
(a species of ringworm which lays eggs during the 
whole year and thus is on hand for experiments 
at any time). Lehmann found that benzoquinone 
naphthoquinone and phenanthrenequinone had 


an extraordinarily strong effect, even surpassing 
that of colchicine on these eggs (Table 6). We may 
visualize the mechanism of action of these quinones 
to be a reaction with SH-groups, since p-benzoqui- 


TABLE 6 


ANTIMITOTIC ACTIVITY OF SOME QUI- 
NONES, COMPARED TO THAT OF 
STILBESTROL AND COLCHICINE 


Minimal active 


Antimitotic dose (for 
substance Tubifex eggs) 
stilbestrol 1: 300,000 
colchicine 1: 30,000 
benzoquinone 1: 2,000,000 
naphthoquinone 1: 900 ,000 
phenanthrenequinone 1: 30,000,000 


none can add cysteine. Thus, the effect of quinones 
would be the consequence of SH-group blocking. 

The investigation on the effect of epinephrine 
on tissue cultures resulted from a study of the 
mitotic poisons of the stilbylamine type which 
contain the sympathicomimetic phenylethylamine 
group. Numerous derivatives of this group, such 
as mescaline, tyramine, hordenine and others, 
proved to be inactive (49). Only epinephrine 
showed a detectable activity with a dose of 100 
ug/ml. After the addition of epinephrine, the 
tissue culture medium became red-brown, so that 
we may assume that an oxidative product was 
formed which had antimitotic activity. Thus, we 
can define epinephrine as a promitotic poison. 
When at the same time either vitamin C or gluta- 
thione was added, oxidation of epinephrine was in- 
hibited and, in consequence, its effect on mitosis. 
For a long time we have searched for an oxidative 
product which in its constitution is related to 
stilbylamine. In 1947 however we found that pure 
adrenochrome (V1) has this effect (74). According 


H 
C-OH 
0 CH, 
CH, 


VI. Adrenochrome 


to this, we suggest that the active product of 
epinephrine is effective on cell division through 
its quinonoid character. 

Organometallic compounds.—The discovery of 
the effect of mitotic poisoning by organometallic 
compounds was stimulated by A. Klages (21). He 
observed that organic compounds of Hg which 
were being tested for antimycotic activity induced 
polyploidy in the treated seeds. At the beginning 
of 1943, we tested the effect of organic compounds 
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of mercury on chicken heart fibroblasts and ob- 
served an inhibiting effect on mitosis. Many 
compounds of the type Hg-R-X were effective, R 
being an aliphatic or aromatic organic radical and 
X, an anion. Inorganic salts of Hg such as HgCl. 
and Hg(CN)s, as well as compounds of Hg com- 
pletely substituted with organic radicals like Hg- 
diphenyl, proved to be ineffective. Similar be- 
havior has been observed with other metals, e.g., 
lead, bismuth, tin, arsenic, and antimony, which 
also show antimitotic activity only when in mixed 
organic-inorganic compounds (31, 32, 35). 
Mitotic poisons of the acriflavine type.—Acrifla- 
vine (VII) is the methochloride of 3,6-diamino- 


CH, 


VII. Acriflavine 


acridine. Its effect can be demonstrated on both 
fibroblasts (6) and mouse ascites tumor (27). Our 
first investigations dealt with the question which 
of the substituents in the molecule are necessary 
for the effect (31, 32, 35). Proflavine (VIII), or 


2 


VIII. Proflavine 


5,6-diaminoacridine, had the same effect, qualita- 
tively as well as quantitatively. Acridine and 
acridine methochloride, however, were ineffective. 
Thus, the amino groups in the acridine skeleton 
appeared to be indispensable for activity. We then 
tested whether a molecule similar in structure to 
proflavine and with the same distance between the 
amino groups would show the same effect. 
2,7-Diaminoanthracene (IX) is such a compound. 


HN NH, 


2 


IX. 2,7-Diaminoanthracene 


Even in high dosages it showed no inhibitory effect 
on cell division, nor did 2,'7-diaminocarbazole. 
Likewise, “‘open” molecules built up in analogy to 
proflavine, as such p-diaminodiphenylmethene 
and m-diaminodiphenylamine, were inefiective. 
Hence, analogy to the form of the molecule of pro- 
flavine was not essential for activity. We obtained 
further information from the investigations on 


monoaminoacridines. Among the tested 3-, 4-, and 
9-aminoacridines, only the 3- and 9-derivatives (X) 


X. 9-Aminoacridine 


proved to be effective, the 4-amino derivative 
showing no effect. Quantitatively, the activity was 
considerably lessened. For chicken heart fibro- 
blasts 100 ug/ml were needed, whereas proflavine 
was effective at 2 ug/ml. We found simpler com- 
pounds related to 9-aminoacridine which were 
also effective. The condensed aromatic ring sys- 
tem may be omitted without loss of activity. 
4-Amino-quinoline (XI) and 4-aminopyridine 


“NH, 


N 
XI. 4-Aminoquinoline 


(XIT) showed an inhibiting effect on cell division 
NH, 


N 
XII. 4-Aminopyridine 


as well. 

4-Aminopyridine was the simplest active mole- 
cule which we obtained in the acriflavine series. 
According to our former investigations pyridine 
itself showed no inhibiting effect on cell division. 
A comparison of the three isomeric aminopyridines 
proved that the 2- (XIII) and 4-aminopyridines 


N NH, 


XIII. 2-Aminopyridine 


were effective, whereas even high dosages of 3- 
aminopyridine were ineffective. The inactive 
3-aminopyridine differed chemically from _ the 
other two isomeric products, inasmuch as a 
tautomeric form of it does not exist, whereas the 
effective isomers were able to form products of the 
diimine type. Likewise, the active aminoacridines 
and aminoquinolines could form tautomeric 
products, while the inactive members of these 
series could not. The inactivity of aromatic amines 
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of similar structure bore out this conclusion. 
Thus, we may summarize the results as follows: 
aminoacridines, aminoquinolines, and aminopyri- 
dines produce an inhibiting effect on cell division 
provided that they may form tautomeric products 
of the diimine type. 

If the mitotic poisons of the acriflavine type 
act as antagonists of the purines and pyrimidines 
in the nucleic acids, all chemical analogs of purines 
and pyrimidines ought to be mitotic poisons of the 
acriflavine type. Experiments do not confirm this 
hypothesis. However, we are able to increase the 
activity of the basic types of aminopyridines by 
substitution, producing a closer analogy to the 
natural pyrimidines. 6-Methoxy-2-aminopyridine, 
for instance, is more effective than 2-aminopyri- 
dine itself, possibly since the methoxy derivative 
is more similar to cytosine. However, a number of 
synthetic analogs, e.g., aminothiazoles, amino- 
quinazolines, and aminotriazines, produced no 
effect on chicken heart fibroblasts. 

Hormones.—As mentioned before, epinephrine 
acts as an antimitotic agent after its transforma- 
tion into adrenochrome. We tested the effect of a 
great number of hormones on cell division of fibro- 
blasts. Only estradiol, in the form of the sodium 
salt of its phosphoric ester, had an inhibitory ef- 
fect at a dosage of 40 ywg/ml. Stilbestrol also pro- 
duced a very pronounced effect (30). Since hor- 
mones are regulators of metabolic processes, we 
must assume that the processes of cell division are 
also regulated by hormones and that hormonal 
specificity exists in the regulation of different 
types of tissues. 

Although adrenochrome inhibits mitosis of 
fibroblasts, it has no effect on carcinoma cells in 
vitro. This forms the basis of our hypothesis (29, 
49) that malignancy results from a type of muta- 
tion of a cell, as a result of which hormones regu- 
lating the normal type are no longer effective 
against the malignant type. Although the regula- 
tors are present, they are ineffective because the 
cell has changed. The alterations of cell metabo- 
lism alone would not explain the capacity of a 
malignant cell for unlimited growth under condi- 
tions where a normal cell is not able to grow. There 
must exist a disturbance of the regulating system 
between cell and host. 


2. ANTAGONISTS AND SYNERGISTS OF Mitotic Poisons 

For the most important types of mitotic poisons 
we are able to determine the point of attack in- 
side the cell during mitosis. The determination of 
the mechanism of action is based on (a) the 
morphological picture of the treated cell and (b) 


the discovery of factors able to act in an an- 
tagonistic or synergistic way. 

From the morphological point of view, acrifla- 
vine represents the classical type of a chromosomal 
poison, according to Bauch (2) and to Bucher (6). 
It produces sticking and clumping (pyknosis) of 
chromosomes. Chemically, the effect of acriflavine 
is attributable to the formation of a complex with 
the nucleic acids. We were able to counteract the 
effect of acriflavine on fibroblasts in witro by 
adding nucleic acid to the culture medium (either 
ribo- or desoxyribonucleic acid) (64). These results 
are similar to those of MclIlwain (83) with 
bacteria. Brodersen (4) showed that the injection 
of acriflavine decreased the number of mitoses in 
mouse ascites tumor, thus demonstrating its influ- 
ence on nucleic acid metabolism. The reaction 
with the chromosomes is easily shown morpho- 
logically, but a reaction with the ribonucleic acid 
of the mitochondria can be proved just as easily: 
enzymatic reactions of the mitochondria can be 
inhibited by acriflavine. It seems important that 
during the time of the minimum of mitosis in the 
ascites tumor we find a maximum of amitotic 
divisions (78). We can summarize the action of 
acriflavine as follows: the nucleotides and the 
nucleic acids of the cell (both those of the nucleus 
and those of the cytoplasm) react with acriflavine, 
thus inducing a disturbance of either the polymer- 
ization or the reactions of the nucleic acids. The 
morphological aspect is modified by the dosage 
and by the stage of the cell at the moment of re- 
action. 

The antimitotic action of organometallic com- 
pounds could be counteracted by the addition of 
cysteine or other compounds containing SH- 
groups (65). Thus, we consider their mode of 
action to be a reaction with SH-groups of cell 
components which are functionally important 
during mitosis. There are many enzymes the activ- 
ity of which depends on their number of free 5H- 
groups and which are important for cell metabo- 
lism but not directly for cell division. According to 
L. Rapkine (85), a maximum of free SH-groups 
occurs just before cell division. Thus, at that mo- 
ment the organometallic compounds can react 
with certain SH-compounds important for cell 
division. Godeaux (15) was the first to show that 
the contractibility of actomyosin is inhibited by 
poisoning SH-groups; the antimitotic activity 
thus may be interpreted as the inhibition of the 
contractibility of cell components indispensable 
for mitosis. 

The mode of action of colchicine was eluci- 
dated by synergistic compounds rather than by 
antagonists. We found a great number of sub- 
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stances which increase the activity of colchicine on 
fibroblasts in tissue culture (44, 45, 63, 66-73). 
These substances belong to different chemical 
groups. These substances can be divided into two 
groups: the members of the first group only show 
a synergistic effect when a threshold or over- 
threshold dosage of colchicine is used, the members 
of the second can activate even an underthreshold 
dosage of colchicine. As an example of the first 
group, data on bulbocapnine are presented in 
Table 7, and, as an example of the second group, 


TABLE 7 


SYNERGISTIC EFFECT OF BULBO- 
CAPNINE ON COLCHICINE 


DosaGE pG/ML PERCENTAGE 
Colchicine Bulbocapnine OF MITOSES 
10 1.5 
20 2.2 
40 1.8 
80 2.8 
0.005 8 1.1 
0.0055 8 1.7 
0.006 8 2.3 
0.008 8 24.4 
0.01 5 23.8 
0.02 8 46 .6 


those concerning phlorhizin in Table 8. Bulbocap- 


TABLE 8 


SYNERGISTIC EFFECT OF PHLO- 
RHIZIN ON COLCHICINE 


DosaGE pG/ML PERCENTAGE 

Colchicine Phlorhizin OF MITOSES 
| 1.9 
375 2.0 
188 2.0 
94 1.8 
47 1.6 
0.04 54.6 
0.02 27.2 
0.011 6.4 
0.01 5.5 
0.008 3.5 
0.0055 2.2 
0.0045 2.6 
0.003 2.4 
0.011 188 80.0 
0.011 94 47.2 
0.011 6 16.9 
0.011 3 12.3 
0.011 1.5 6.6 
0.0055 94 13.7 
0.0045 94 5.$ 
0.003 94 4.6 


nine acts as a synergist only with a dosage of col- 
chicine which is high enough to be effective alone, 
but phlorhizin can produce an effect with a dosage 
of colchicine too low to be effective by itself. These 
substances and the other synergists have no ef- 
fect alone as mitotic poisons. Besides bulbocap- 
nine, the alkaloids thebaine, glaucine, and lauro- 
tetanine are also highly effective synergists 


(Table 9). 


The behavior of the steroid hormones is similar 
to that of the alkaloids. Most steroid hormones 
have a synergistic effect; again, there are two 
types: one increasing the activity of a threshold 
dosage of colchicine, the other able to activate an 


TABLE 9 
SYNERGISTS OF COLCHICINE 


bulbocapnine + papaverine + 
corydine + tetrahydro- + 
glaucine 4. papaverine 
laurotetanine oe berberine + 
laurotetanine + tetrahydro- 
methy] ether berberine 
apomorphine morphine 
morphothebaine — codeine (+) 
corytuberine thebaine 
boldine d-tubocurarine —(+) 
N-acetyllauro- quinine 
tetanine strychnine 4. 
chelerythrine + veratrine + 
+ = synergistic. 
— = not synergistic. 
TABLE 10 


SYNERGISTIC EFFECTS IN TISSUE CULTURES 
OF STEROID HORMONES ON COLCHICINE 


Colchicine Percentage 
Hormone* (ug/ml) of mitoses 

0.01 5.0 

testosterone 2.4 

testosterone 0.01 21.0 

testosterone propionate 2.6 

testosterone propionate 0.01 13.0 

estrone 2.6 

estrone 0.01 3.4 

0.016 14.2 

estrone 0.016 21.3 

0.024 42.5 

estrone 0.024 62.2 

° 0.005 2.0 

0.0075 2.5 

0.010 5.5 

desoxycorticosterone 0.005 1.2 
acetate 

desoxycorticosterone 0.0075 2.0 
acetate 

desoxycorticosterone 0.010 9.0 
acetate 

cortisone 0.005 3.3 

cortisone 0.0075 8.2 

cortisone 0.010 31.3 


* Hormones added in solid form to the medium of the 
tissue culture. 


underthreshold dosage. Testosterone, for instance, 
reinforces the activity of the threshold dosage of 
0.01 ug/ml, while estrone is without any effect at 
this level of colchicine. However, an overthreshold 
dosage of 0.016 yg/ml colchicine can be activated 
by estrone (Table 10). Adrenal cortical hormones, 
both desoxycorticosterone and cortisone, are 
pronounced synergists of colchicine. Unlike des- 
oxycorticosterone, cortisone 1s able to make effec- 
tive an underthreshold dosage of colchicine (Table 
10). Phosphocreatine can counteract the syner- 
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gistic effect of desoxycorticosterone, but not that 
of cortisone. 

These results can be interpreted by assuming 
that colchicine 1s active in some way in the system 
of contractile elements during cell division. The 
contraction of the cell spindle and the pinching in 
of the cell during cell division are thus analogous 
to muscular contraction. It is remarkable that this 
analogy has been discussed since the end of the last 
century by morphologists (see Heidenhain [18]), 
but it was not until 1947 that the chemical anal- 
ogy was discussed by Brachet (3). He proposed 
the hypothesis that adenosine triphosphate (ATP) 
is the source of energy for spindle contraction as 
well as for muscle contraction. According to 
Szent-Gyérgyi (90), actomyosin, isolated from 
muscle and precipitated in the form of threads, 
can be induced to contract by the addition of 
ATP. The metabolism of the cell or the muscle 
can produce the ATP needed for contraction 
either from phosphocreatine or from the degrada- 
tion of carbohydrates by glycolysis or respiration. 
Colchicine, however, inhibits respiration or gly- 
colysis only in amounts a thousand-fold higher 
than the amount necessary for inhibiting mitosis. 
Therefore, its effect on mitosis cannot be ex- 
plained by its direct effect on metabolism. The 
same statement can be made concerning phos- 
phatases. ATPase of liver or muscle is inhibited 
only by extremely high amounts of colchicine 
(47, 52). We found, however, that ATP added to 
the tissue culture medium counteracts the action 
of colchicine for some hours—as long as ATP is 
stable under these conditions (52). Barany and 
Palis (1) showed that colchicine influences the 
decrease in viscosity of a mixture of actomyosin 
and ATP. It seems important that the effective 
dosages used by these authors are comparable to 
those which inhibit mitosis. Thus, we may formu- 
late the theory that colchicine inhibits a reaction 
between ATP and a contractile system of the 
actomyosin type inside the cell during mitosis. 
The activity of colchicine depends on the amount 
of ATP inside the cell: 1.e., it is inversely propor- 
tional to the amount of ATP. On the other hand, 
its activity depends on the state of the contractile 
material. 

From this point of view, we are able to inter- 
pret the synergistic effect of phlorhizin by its 
ability to poison phosphotransferases, thus de- 
creasing the level of ATP inside the cell. Bulbo- 
capnine has not previously been known to have an 
effect on the production of energy-rich phosphate 
bonds. It is a well known muscle poison which 
produces catalepsia; therefore, its synergistic 
effect may be considered an effect on the con- 


tractile proteins. The synergistic effect of vera- 
trine, also a muscle poison, is antagonized by the 
addition of phosphocreatine. 

These results suggest investigations concerning 
the role of steroid hormones in the metabolism 
and production of ATP. It is thought by us that 
steroid hormones have a “carrier function”’ in the 
processes of phosphorylation. 

Contrary to Ludford (82), who interprets the 
effect of colchicine from the morphological point 
of view as an inhibition of spindle formation, our 
results suggest only a dysfunction of the spindle. A 
contractile system, a unit of form and function, 
may change its shape when its function is dis- 
turbed. Real suppression of spindle formation is 
only brought about by factors which are also able 
to inhibit blood clotting—e.g., heparin (19) or 
substances able to bind calcium. 

Colchicine and N-ethyleolchicamide have been 
used for local treatment of skin cancer, papilloma, 
condyloma, and breast cancer by Brodersen (4). 
Colchicine has been applied in erythroplasia by 
Schonfeld (87). Hirsch (20) described cases of pre- 
cancerous nevi and rodent ulcers which disap- 
peared after treatment with a combination of bul- 
bocapnine and colchicine. The great number of 
combinations of synergists with colchicine gives a 
broad field for investigations in cases of skin 
cancer. 


8. CHEMISTRY OF CELL DIVISION 


We consider the study of mitotic poisons as a 
tool to investigate reacting components during 
mitosis, and we may assume that these compo- 
nents are also important in uninfluenced cell divi- 
sion. During interphase the metabolism of cyto- 
plasm (i.e., respiration) predominates; in addition, 
protein synthesis occurs in both nucleus and cyto- 
plasm. During early prophase, an increase in 
nuclear material occurs. During prophase the 
chromosomes consisting mainly of desoxyribo- 
nucleic acid become visible; chemically, this indi- 
cates formation and polymerization of nucleotides. 
The precipitation of nucleic acids in the form of 
chromosomes seems to be a condition sine qua non 
of the dissolution of the nuclear membrane. In the 
interphase nucleus, nucleotides and polynucleo- 
tides are attached to the nuclear membrane; in this 
stage, the membrane seems to have the character 
of a nucleoprotein stable against proteolytic 
enzymes. If the nucleotides are removed, the 
remaining membrane is susceptible to proteolytic 
activity. When this does not take place, the 
nuclear membrane cannot be dissolved, and the 
nucleus can only divide directly by amitosis. We 
consider the formation of the cell spindle to be a 
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process similar and related to that of blood 
clotting. Spindle contraction, leading to the sepa- 
ration of the chromosomes, is, as mentioned 
above, a process similar to muscle contraction. The 
process of pinching in of the cytoplasm is a result 
of the contractibility of the cell surface (43). 


4. CeLL METABOLISM, GROWTH, AND CELL Division 


In 1926, Warburg (92) summarized his investi- 
gation on cell metabolism and growth in the state- 
ment: “No growth without glycolysis.’’ He found 
that in malignant cells aerobic glycolysis is pre- 
dominant over respiration, in embryonic cells it is 
comparable to respiration, but in adult normal 
cells glycolysis is less than respiration. Although 
not every tissue with predominance of glycolysis 
must be a growing one, there is some relation be- 
tween growth and glycolysis. Growth is a two-step 
phenomenon: the first step is the preparation of a 
cell for division, and the second step is the division 
itself. Thus, the question arises whether glycolysis 
is related to the first or to the second step. The 
findings of O’Connor (84) on embryonic cells of 
different ages show that there exists a direct pro- 
portionality between the number of cell divisions 
and aerobic glycolysis. A possible explanation 
would be that during division glycolysis predomi- 
nates, respiration being inhibited. 

The results of the following experiments are in 
agreement with this finding (48, 53, 54). In a 
tissue culture of fibroblasts, there are on the 
average 98 per cent of cells in interphase and 2 per 
cent in the stage of division. During mitosis, the 
spindle-shaped cells become spherical. Cell divi- 
sion is characterized by movement of the cell 
surface, which pushes out pseudopodia. From the 
morphological point of view we must consider this 
stage of the moving cell as functionally connected 
with mitosis and the movement of chromosomes. 
But in motion pictures of cells under the action of 
mitotic poisons, we have seen that plasma motility 
occurs, although the separation of the chromo- 
somes is inhibited (33). Furthermore, we were able 
to show that plasma motion can be induced by all 
factors inhibiting respiration but not effecting 
glycolysis. As the enzymes of respiration are most- 
ly localized in the mitochondria, dyes with a more 
or less pronounced affinity for mitochondria prove 
to be highly effective—e.g., victoria blue, janus 
green, and others. Poisons of respiration such as 
potassium cyanide or the removal of oxygen have 
the same effect (reversible in the latter). 

The link between metabolism and motion ap- 
pears to be the effect of ATP on contractile pro- 
teins. Respiration produces at least 12 moles of 
ATP per mole of hexose but glycolysis only 2 moles 


of ATP. Thus, the change from respiration to 
glycolysis brings about a decrease in the ATP level 
of the cell. We interpret the induction of motion of 
the cell surface as a change from permanent con- 
traction to local periodic contractions. This means 
that the surface of the “resting cell” is not in 
a real state of rest, but in a state of permanent 
contraction—a tonus, needing more chemical en- 
ergy than the periodic contractions characteristic 
of mitosis. In consequence, the induction of cell 
motion by poisons of respiration should be com- 
pensated by the addition of ATP; this was con- 
firmed experimentally. In agreement with Lewis 
(80), we consider the cell surface as a contractile 
layer and suggest that this layer has the qualities 
of actomyosin; the stage of contraction depends 
on the ATP level and thus on cell metabolism. 
It seems of interest that the same hypothesis has 
been discussed by Goldacre (16) with regard to 
the movement of amoeba. As shown above, the cell 
spindle needs ATP for its contraction. During 
mitosis, there are at least two contractile systems: 
(a) that of the cell surface, relaxed and needing 
only a small amount of ATP, and (b) that of the 
spindle and related contractile fibers needing 
ATP. The addition of ATP to a tissue culture of 
fibroblasts reinforces both systems. We would 
expect to find that the cell surface cannot relax 
after treatment with exogenous ATP, and, indeed, 
most of such cells in metaphases are not round but 
spindle-shaped, as are resting cells (Fig. 5). The 
separation of the chromosomes by contraction of 
the spindle fibers is favored, and cell division fol- 
lows. From. stained preparations it seems as if 
cell division in many of these cases takes place by 
tearing of the cells (Fig. 6); by direct observation 
of living fibroblasts with ATP added, however, we 
have not yet been able to observe this type of 
division. This type of cell division in an unin- 
fluenced cell could only be produced by a metabo- 
lism with an extremely high production of ATP. 

Together with the induction of plasma motion 
in resting cells by treatment with respiratory 
poisons, we observed the pinching off of plasma 
bubbles which then moved freely within the 
medium. It is believed that these moving lumps 
consist of a contractile layer and an enzyme 
system producing ATP sufficient for local contrac- 
tions but not for permanent contraction. It 1s 
our opinion that this is the simplest biological 
system able to move (by means of carbohydrate 
metabolism), and we are engaged in attempts to 
combine actomyosin with enzyme systems, with 
the aim of “synthesizing” a primitive protoplasm- 
like system with motion and metabolism. 

In general, cell shape and stability of cell shape 
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depend on the ATP level of the cell and thus on its 
metabolism. If metabolism produces a sufficient 
amount of ATP, permanent contraction of the 
surface is possible, and the cell shape is stable. A 
smaller amount of ATP results in periodic surface 
contractions, and the form of the cell is not stable. 
Such an unstable system not only may move but 
is forced to be in motion as long as the same meta- 
bolic conditions obtain: this is uncontrolled mo- 
tion. On the other hand, metabolism with high 
production of ATP is able to control cellular 
motion. 

As far as the cancer cell is concerned, we can 
conclude that the greater part of glycolysis is 
connected with the interphase; we consider this as 
related to synthetic processes (see Zamecnik et al. 
(94]). The mitosis of cancer cells is characterized 
by a short prophase and a long metaphase, while 
that of normal cells conversely has a long pro- 
phase and a short metaphase (Koller [22]). We 
interpret the short prophase as the result of an 
acceleration of synthetic processes in the cancer 
cell, the long metaphase as a result of a deficiency 


in ATP (37). 


5. BEHAVIOR OF COMPONENTS OF TUMOR CELLS 
IN TRANSPLANTATION 

Since 1949, we have carried out experiments to 
determine whether components of tumor cells are 
able to induce tumors and whether reconstruction 
of a tumor cell out of its components is possible 

(38-42) (similar to Stasney et al. [89]). The 
simplest method to get a complete mixture of all 
components is homogenization. We used a blendor 
at a speed of 18,000 r.p.m. The mouse ascites 
tumor, the Walker carcinoma, and the Jensen 
sarcoma of the rat lost their ability to produce 
tumors when they were homogenized sufficiently 
for complete cell destruction. With the Walker 
carcinoma, these findings are in agreement with 
those of Tourtelotte and Storer (91). From these 
results, we can conclude that the reconstruction 
of an intact cell out of its components is im- 
possible, at least for the types of mammalian 
tumors investigated and the conditions employed. 
With the Rous sarcoma, however, we were able to 
produce tumors with the homogenate. The virus 
is not destroyed mechanically. The simplest 
method to distinguish between a “‘virus’’-induced 
tumor and a tumor transplantable only in the 
form of intact cells seems to be this test of cell-free 
homogenates for their ability to produce tumors. 

We developed a method to isolate nuclei from 
the cells of the mouse ascites tumor. The cells 
were placed in distilled water, in which they swell; 
they were centrifuged and again placed in distilled 


water. If this process was repeated 3—4 times, some 
of the swollen cells began to lose cytoplasm. This 
removal of cytoplasm may be easily completed by 
the addition of a surface-active substance, such as 
digitonin. This method enables us to obtain iso- 
lated nuclei in a morphologically pure state (see 
Fig. 8). These nuclei produce no tumors after 
transplantation, in agreement with the behavior 
of cell nuclei prepared by homogenization. Al- 
though pure nuclear fractions may be obtained 
in this way, this method is not suitable for chem- 
ical investigations on nuclei, because a great loss 
of substances must occur during the preparation. 

During the repeated process of swelling, the 
tumor cells lose granules from their cytoplasm— 
large as well as small ones. Thus, we can obtain 
cells with a nucleus and cytoplasm, but with a 
gradual loss of structural cytoplasmic components 
(Fig. 7). If the swelling and centrifuging of the 
cells took place only 2 or 3 times, the cells were 
still able to produce an ascites tumor identical to 
that from untreated cells. However, cells treated 
4 times (with their cytoplasm almost free of par- 
ticulates) gave no tumors after injection into 
mice. Thus, we can conclude that reconstruction 
of a complete cell is impossible from a cell with 
nucleus and cytoplasm, but depleted of mito- 
chondria and microsomes. Although we must 
realize that the nucleus of these cells may be 
damaged by the repeated process of swelling, we 
can consider these findings as a hint that mito- 
chondria can arise only from mitochondria. 

In the preparations of cells swollen 2 or 3 times, 
the phase contrast microscope shows granules still 
inside the cells as well as between the cells. The 
positive tumor-takes of these preparations sug- 
gested experiments on the behavior of mixtures of 
particulate-free cells and fractions with particu- 
lates. Isolated particulate fractions of this tumor 
produced no tumors and neither did particulate- 
free cells, as mentioned above; but when we in- 
jected into the same mouse particulate-free cells 
and particulate fractions or a mixture of them, we 
observed the production of tumors. We may 
evaluate such a result as positive only if the cell 
fractions used in the experiment are unable to pro- 
duce tumors when injected alone. Thus, in every 
experiment controls with the individual fractions 
are necessary. Out of seventeen experiments, six 
gave a positive result: the components alone gave 
no tumor, the mixture produced tumors. In five 
experiments, one component alone produced tu- 
mors; therefore, these experiments cannot. be 
evaluated. In six experiments we obtained tumors 
neither from the components alone nor from the 
mixture. Regarding the fragility of the fractions 
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and the many possibilities of injuring them in their 
purification, negative results are of a high prob- 
ability. If we consider the positive results to be 
reliable, there exists the possibility of recombina- 
tion of plasma granules with particulate-free cells. 
Mixtures of particulate-free cells and complete 
homogenates also resulted in positive takes. The 
supernatant fluid of homogenates of tumor cells 
(free from structured particles) was unable to pro- 
duce tumors when combined with particulate-free 
cells. Thus, we think that the particles of the cyto- 
plasm are important for the effect and not other 
substances such as proteins or compounds of 
lower molecular weight. At a temperature of +4 
to 10° C., the cells of the mouse ascites tumor are 
stable for 6-8 days. At this temperature tumor 
cells dialyzed against distilled water showed no 
loss of transplantability. This demonstrates that 
substances of low molecular weight able to dialyze 
under these conditions can be reacquired from the 
body fluids. 

The possibility of recombining tumor cell frac- 
tions can be regarded as an interesting fact in 
cancer research, if these data are reliable. There- 
fore, these experiments are now being repeated; we 
are trying to find reproducible conditions for the 
preparation of the cell fractions. The conclusions 
from these results may suggest new aspects con- 
cerning the mechanism of the formation of metas- 
tases and recurrences: perhaps such fragments of 
tumor cells can. combine with scattered cells which 
have lost their capacity for growth and thus 
initiate neoplastic growth. An analogy is given to 
the induction of tumors by viruses—but no more 
than an analogy. The development of grafted 
tumors can be accelerated by injections of homog- 
enates of the same tumor type. In the mouse 
ascites tumor, a wave of mitoses occurs several 
hours after the injection of a homogenate of this 
tumor. Among the fractions of the homogenate, 
the mitochondrial fraction is the most effective, 
while the nuclei and the supernate are less effec- 
tive. 
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Fic. 1.—Untreated culture of mesenchymal fibroblasts. 


Living cells. X 240. 


Fig. 2.—Chicken heart fibroblasts 24 hours after the addi- 
tion of 0.1 ug/ml N-propylcolchicamide. Living cells. 240. 

Fic. 3.—Untreated fibroblasts in metaphase. Ehrlich- 
Biondi stain. Phase contrast microscope. X 540. 

Fig. 4.—Cells of the mouse ascites tumor 24 hours after the 
injection of 4 wg. N-methylcolchicamide. Arrested metaphases 


with scattered chromosomes. Feulgen stain. X 650. 


Fic. 5.—Fibroblasts 3 hours after the addition of 1 mg/ml 
ATP (sodium salt). Ehrlich-Biondi stain. Phase contrast 


microscope. X480. Metaphase in a triangular cell, telophase in 


an elongated cell. 


Fic. 6.—Same conditions as Figure 5. Type of a cell division 
by “‘tearing.”’ A metaphase in a spindle-shaped cell. 

Fic. 7.—Cells of the mouse ascites tumor deprived of gran- 
ules (prepared by swelling, repeated 4 times). Compare the cell 
size with Figure 4. Phase contrast microscope. 630. 

Fic. 8.—Isolated nuclei from swollen cells. X 630. 
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Induction of Accessory Limbs and of Sarcoma in the Newt 


(Iriturus viridescens) with Carcinogenic 
Substances"! 


CHARLES BREEDIS 


(Department of Pathology, University of Pennsylvania, School of Medicine, Philadelphia, Pa.) 


Among adult vertebrates, only some of the 
amphibia are capable of regenerating their limbs. 
Several years ago experiments were begun in 
an attempt to induce neoplasia in limb tissues 
capable of such regeneration. The common newt, 
Triturus viridescens, was used because of its 
hardiness and availability. The injection of a 
variety of supposedly carcinogenic substances into 
the forelimb of over 500 newts resulted in the 
development of malignant neoplasms in only two 
animals. Both neoplasms were sarcomas, and both 
followed the injection of methylcholanthrene. 
However, a large number of animals developed 
non-neoplastic “‘new growths.”’ These consisted of 
well organized reduplications of the injected limb. 
The results of the early experiments have been 
briefly summarized in preliminary reports (2, 3). 

The experiments to be reported here deal with 
the specificity of the stimuli necessary for the 
induction of the accessory limbs and of the 
sarcomas, and with the nature of the accessory 
limbs. 


MATERIALS AND METHODS 


Adults of Triturus viridescens, caught in ponds near Phila- 
delphia, were maintained in aquaria. Some were kept at 20°- 
22° C. in semi-darkness, in aerated water, and were fed on 
Tubificid worms. Others were kept in well lighted rooms at 
25°-30° C. in standing water containing floating plants, and 
were fed raw muscle or liver. There was no striking difference in 
response to injections among the two groups; in general, the 
latter group was better nourished and developed accessory 
growths earlier. 

The substances tested included carcinogenic Pennsylvania 
coke oven tar, methylcholanthrene, benzpyrene, acetylamino- 
fluorene, scarlet red, vaseline, beryllium hydroxide, and 
particles of two amphibian neoplasms. These substances were 
injected directly into the loose subcutaneous and muscular 
tissues of the proximal region of the forelimb in amounts of 
0.005-0.02 cc., with a tuberculin syringe and an 18- to 23- 


* This investigation was supported by a research grant 
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gauge needle. The animals were anesthetized by placing them 
in ether vapor. 

Coal tar, when injected alone, was first heated to 100° C. in 
order to dissolve its precipitated constituents. It was then 
drawn into a warm syringe and chilled under the water tap for 
injection. When pure carcinogens were added to tar, they were 
dissolved in heated tar at about 120°C., and the mixture 
chilled in a syringe, as stated above. Details of the preparation 
of fractions of coal tar for injection are described later. Carcino- 
gens in olive oil or vaseline were dissolved and injected in the 
same way. Rapid chilling resulted in fine, easily injectable 
crystals of those carcinogens that tended to crystallize out at 
room temperature. In one experiment, methylcholanthrene 
crystals were ground in a mortar with sufficient olive oil to 
make a paste, which was then injected into the forelimb with 
an 18-gauge trocar. 

Beryllium hydroxide was prepared by adding sodium hy- 
droxide to beryllium nitrate. The flocculent precipitate was 
purified by washing and by dialysis against distilled water. A 5 
per cent suspension was injected in amounts of 0.02 cc. [1 mg. 
Be(OH),] into the forelimb. 

Frog kidney carcinoma and sarcoma of the newt were in- 
jected as tumor particles, using 18-gauge trocars. 

Deep thermal injury to the forelimb was caused by contact 
with a steel wire heated to about 500° C. 

Fracture of the humerus was produced by means of a small 
rongeur, through a longitudinal incision. 


EXPERIMENTAL RESULTS 
I. InpucTION or AccEssoRY LIMBS AND OF SARCOMA 


Experiments with coal tar and pure carcinogens. 
—Table 1 shows the incidence of accessory limbs 
and of sarcoma among newts receiving a single in- 
jection into the proximal region of the forelimb of 
various substances or subjected to severe thermal 
or mechanical injury of the same region. The 
variety of accessory limbs or limb parts induced is 
illustrated by representative photographs in 
Figures 1—4. 

In the first attempts at tumor induction in 
newts with tar, 4 per cent each of methylcho- 
lanthrene, benzpyrene, acetylaminofluorene, and 
scarlet red were added to it. As seen from Table 1, 
40 per cent of animals injected with this mixture 
developed accessory limbs. In order to determine 
the active ingredient, injections were made with 
components of the mixture. Tar alone proved less 
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active than the mixture, inducing accessory limbs 
in 26 per cent of animals. Tar containing 4 per cent 
added methylcholanthrene or benzpyrene or 
acetylaminofluorene was even less active than tar 
alone, while tar containing 4 per cent added 
scarlet red in olive oil was as active as the original 
mixture. However, 4 per cent scarlet red in olive 
oil was inactive in ten animals. 


TABLE 1 


INCIDENCE OF ACCESSORY LIMBS AMONG NEWTS IN- 
JECTED INTO THE PROXIMAL REGION OF THE FORE- 
LIMB WITH VARIOUS CARCINOGENIC OR NONCARCINO- 
GENIC SUBSTANCES, OR SUBJECTED TO LOCAL INJURY 
(Animals that developed sarcoma are designated by S) 


TIME OF AP- 
ANIMALS DE- PEARANCE OF 
No. VELOPING AC- FIRST ACCES- 
ANIMALS CESSORY LIMBS SORY LIMB 
MATERIAL INJECTED* INJECTEDt No. Percent (pays) 
Coal tar 76 20 26 41 
Coal tar+4 per cent MCA, 

BP, AAF, and SR 50 20 40 42 
Coal tar+4 per cent MCA = 20 4 20 49 
Coal tar+4 per cent BP 19 2 11 87 
Coal tar+4 per cent AAF 20 3 15 49 
Coal tar+4 per cent SR 20 8 40 49 
Olive oil-++4 per cent MCA 4 1 25 300 
Olive oil+4 per cent AAF 10 0 0 
Olive oil+4 per cent SR 10 0 0 
Vaseline+4 per cent BP 23 0 0 
Vaseline 22 1 5 300 
MCA crystals wet with 

olive oil 34 1SSft 3 130 
Beryllium hydroxide 18 6 33 130 
Rana piyiens kidney 

carcinoma 75 3 4 200 
Triturus viridescens sarcoma 274 0 0 
Deep burn of forelimb (not 

injected) 21 0 0 
Fracture of humerus (not 

injected) 23 0 0 

* =20-methylcholanthrene; BP=3,4-benzpyrene; AAF=2-ace- 


tylaminofluorene; SR =scarlet red. 
+t Animals surviving 50 or more days. 


t Sarcoma developed in two animals. One of the tumors arose at the base 
of the accessory limb. 


Acetylaminofluorene in olive oil and benzpyrene 
in vaseline were also inactive, while vaseline alone 
induced a single accessory digit-like growth after 
300 days. Methylcholanthrene in olive oil induced 
a small accessory limb with two digits in one of four 
animals after 300 days. Of 34 animals, each receiv- 
ing approximately 1 mg. of methylcholanthrene 
crystals wet with olive oil and injected with a 
trocar, one developed an accessory limb without 
digits (Fig. 8). However, a sarcoma developed in 
this limb a year later (Fig. 9). Another animal de- 
veloped sarcoma 168 days after injection, but an 
accessory limb did not form. These two animals 
are described in Part III of “Experimental Re- 
sults.” 


Beryllium hydroxide (Table 1) induced acces- 
sory limbs in six of eighteen animals injected. 

Experiments with tumor tissue.—Particles of 
spontaneous carcinoma of the kidney of the 
leopard frog, a tumor probably caused by a virus 
(14), induced three accessory limbs among 75 
animals injected (Table 1). In contrast, none of 274 
animals injected with particles of the two strains 
of transplantable methylcholanthrene-induced sar- 
coma referred to above developed accessory 
limbs. 

Effect of thermal and mechanical injury.—No 
accessory growths developed on the forelimbs of 
21 animals burned with a hot wire, so as to 
involve the humerus, and of 23 animals in which 
the humerus was fractured with a rongeur and 
allowed to heal. 

The incidences listed in Table 1 refer to all types 
of accessory limb structure that could be identi- 
fied as such. The simplest growths were single 
digit-like projections arising from the site of in- 
jection (Fig. 4). Others ranged in complexity up 
to doubly reduplicated limbs, i.e., two accessory 
forelimbs growing from the injection site. How- 
ever, it is noteworthy that only those animals re- 
ceiving coal tar developed the growths early (41- 
87 days); and only those receiving coal tar, alone 
or with added carcinogens, or beryllium developed 
the growths in high incidence. Furthermore, only 
tar and beryllium produced complex growths. 
The other accessory growths were relatively 
simple, having no more than two digits, and ap- 
peared late (130-300 days). 

Experiments with various fractions of coal tar.— 
Berenblum and Schoental (1) have shown that 
petroleum ether effectively extracts benzpyrene 
and at least one other potent carcinogen from tar. 
Such extracts are clear yellow solutions that, on 
evaporation, leave a yellow-brown semicrystalline 
residue. 

Pennsylvania coke oven tar (200 ml.) was ex- 
tracted with petroleum ether (500 ml.) by shaking 
the two together at intervals over a period of 4 
days at 37° C. The extract was evaporated to dry- 
ness. Ten grams of the residue were dissolved in 
100 ml. of petroleum ether, and the solution was 
passed through an adsorption column containing 
250 gm. of light powdered magnesia. Petroleum 
ether was continuously added to the top of the 
column. A first fraction (1-A) of 250 ml. and a 
second fraction (1-B) of 500 ml. were thus col- 
lected. A third fraction (1-C) of 500 ml. was ob- 
tained by adding benzene to the column. Each 
fraction was evaporated on a water bath, the 
residue dissolved in 2 parts of vaseline at 120° C. 
and chilled in a syringe under the water tap to 
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form a jelly-like mass for injection. Each fraction 
thus prepared was injected in amounts of 0.01 cc. 
into the proximal region of the forelimb of sixteen 
animals. 

The results are shown in Table 2. Fraction 1-A, 


TABLE 2 


INCIDENCE OF ACCESSORY LIMBS AMONG NEWTS IN- 
JECTED INTO THE PROXIMAL REGION OF THE FORE- 
LIMB WITH VARIOUS FRACTIONS OF COAL TAR 


TIME OF AP- 

ANIMALS DE- PEARANCE OF 

No. VELOPING AC- FIRST ACCES- 
ANIMALS CESSORY LIMBS SORY LIMB 


MATERIAL INJECTED INJECTED* No. Per cent (pays) 
Adsorption fractions: 
1-A 16 0 0 
1-B 16 4 25 52 
1-C 16 10 63 52 
Industrial tar fractions: 
Tar before distillation 13 6 46 54 
“Middle Creosote Oil” 
(287°-343° C.) 16 7 44 54 
“Heavy Creosote Oil’ 
crystals (343°-416° C.) 16 5 31 100 
“Heavy Creosote Oil,” 
mother liquor 5 71 54 


“Fuel Pitch” (residue in 
still) 16 10 63 90 


* Animals surviving 50 or more days. 


the least adsorbable on magnesia, was inactive; 
Fraction 1-B induced accessory limbs in four 
animals; and Fraction 1-C was active in ten 
animals. 

The association of activity with high adsorb- 
ability suggested that activity was due to com- 
pounds of high molecular weight. Consequently, 
several tar distillates available in industry were 
tested. A sample of Pennsylvania coke oven tar 
and some of the fractions derived from it by large- 
scale distillation were obtained.! These were (a) 
“Medium Creosote Oil,” distilling between 287° 
and 343° C.; (b) “Heavy Creosote Oil,” distilling 
between 343° and 416° C.; and (c) “Fuel Pitch,” 
the residue left in the still. Petroleum ether ex- 
tracts were prepared from the tar and its fractions 
and were evaporated. The “Heavy Creosote Oil”’ 
residue separated into yellow crystals and a brown 
mother liquor. Crystals and mother liquor were 
tested separately. Each fraction was dissolved in 
3 parts of vaseline, cooled rapidly, and injected 
in amounts of 0.01 cc. into the proximal region of 
the forelimb. 

The results are shown in Table 2. All the ex- 
tracts were active, especially those of the higher 
boiling tar fractions and of fuel pitch. The 
mother liquor of ““Heavy Creosote Oil” proved to 


1 Kindly supplied by the Barrett Division, Allied Chemi- 
cal and Dye Corporation. 


be very toxic, and more than half of the injected 
animals died within 2 weeks. | 

The high activity of all the fractions, as shown 
in Table 2, makes it difficult to ascribe the acces- 
sory limb induction to one or a few compounds 
present in tar. It is possible that, during industrial 
distillation, changes such as cracking and recom- 
bination of molecules occur, so that large mole- 
cules appear in all fractions. At any rate, it is of 
interest that tar fraction 1-C and fuel pitch both 
induced the same high incidence of accessory 
limbs (63 per cent), a result consistent with the 
hypothesis that at least some heavy molecules in 
tar show a high degree of activity. 

There was some indication that 25 per cent fuel 
pitch extract in vaseline, when stored in the 
refrigerator, loses its activity. A sample stored for 
5 months was tested in the following concentra- 
tions of fuel pitch extract in vaseline: 25 per cent, 
12.5 per cent, and 6.25 per cent, which gave, re- 
spectively, incidences of 1 in 20, 2 in 19, and 1 in 
20 newts with accessory limbs. These incidences 
are of the order observed with vaseline alone 
(Table 1). 

Effects of injection of sites other than the forelimb. 
—The tar mixture containing 4 per cent added 
methylcholanthrene, benzpyrene, and scarlet red 
was injected in amounts of 0.1 cc. into the hind 
limb of twelve newts. One animal lost the in- 
jected limb, due to infection and necrosis, and 
then regenerated a double hind limb, the two 
members of which were mirror images of each 
other. No growths of any kind appeared among 
the remaining eleven animals. 

The same mixture was injected into the side of 
the tail of twelve newts. Six developed flat shelf- 
like projections that extended laterally from the 
injection site and had the gross and microscopic 
appearance of diminutive accessory tails. 

Injection of the tar mixture into the back of 
twelve newts was followed by the development of 
raised pigmented nodules containing the injected 
material. No accessory structures or neoplasms 
developed. 


II. Properties or Accessory Limss 


Mode of development and structure of accessory 
limbs.—Examination of a number of microscopic 
sections at various periods after the injection of tar 
into the forelimb showed the following changes: 
there was at first an apparently nonspecific in- 
flammatory reaction around the injected mass that 
lasted from a few weeks to several months. During 
this time there was a concomitant degeneration 
of striated muscle and resorption of bone. These 
changes were very similar to the “‘dedifferentia- 
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tion” that is said to occur after amputation of a 
limb and before a regeneration blastema has 
formed (7). At any rate, the differentiated tissues 
of the injected region were soon replaced by a 
tissue resembling regeneration blastema. It was 
this tissue that eventually gave rise to the muscle 
and bone of the accessory limb, with accompany- 
ing ingrowth of nerve from the host limb and 
migration and growth of host limb epithelium 
over the accessory growth. The first readily 
identifiable limb structure to develop was a cone 
of cartilage, such as is shown in Figure 6. It was 
surrounded by muscle cells in various stages of 
differentiation, together with a few nerve fibrils. 
Further growth and differentiation might or might 
not occur. When it did, organization was of such a 
degree that the resulting accessory limb tissues 
could not be distinguished from normal limb 
tissues (Fig. 5). 

In some animals the initial degeneration (or 
“‘dedifferentiation’’) of muscle and bone were very 
extensive; sometimes fracture of the humerus oc- 
curred at the site of injection. However, destruc- 
tion of tissue was not directly related to accessory 
limb formation. Injury to tissue was as severe in 
the methylcholanthrene series, where incidence 
of accessory limbs was low, as in the tar series, 
where it was high. The three tar fractions, 1-A, 
1-B, and 1-C (Table 2), produced about the same 
degree of local tissue destruction but were quite 
different as regards their ability to induce acces- 
sory limbs. Furthermore, thermal injury or frac- 
ture of the humerus did not result in accessory 
limb formation (Table 1), nor did any accessory 
limbs develop among many animals whose limbs 
were partly destroyed by a chronic fungus-like 
infection. 

It is noteworthy that the accessory limbs or 
limb parts in no case became larger than their nor- 
mal counterparts. Also, the induced growths al- 
ways consisted of reduplications of structures 
found distal to the point of injection, e.g., digits, 
carpal bones, and radius and ulna. In these re- 
spects, and in their high degree of tissue organ- 
ization, the growths resembled regenerates such 
as might be expected following amputation of a 
limb at the point of injection. 

Fate of accessory limbs after amputation and 
transplantation.—The foregoing observations sug- 
gested that the accessory “new growths” repre- 
sented alterations of the normal regeneration 
mechanism and were not neoplasms. It was pos- 
sible, however, that neoplastic or preneoplastic 
cells were present in them, cells somehow held in 
check by the actively differentiating blastema. 
For example, the methylcholanthrene-induced 


papillomas of rabbits, of apparently “‘benign”’ na- 
ture, extensively investigated by Friedewald and 
Rous (10) and others, provided a basis for this 
concept. These tumors may develop into invasive 
carcinomas when subjected to trauma or other 
nonspecific injuries. In the present experiments the 
effects of trauma and of a new tissue environ- 
ment were tested by amputating the growths and 
observing their regeneration, as well as by trans- 
planting fragments of the growth to different 
sites in the same animal or to different animals. 

Amputation of host limbs.—It was of interest 
first to determine whether the presence of an 
accessory limb changed the regenerative qualities 
of the host limb. The forelimbs of six newts, each 
bearing an accessory limb, were amputated prozi- 
mal to the accessory growth. All six animals re- 
generated normal limbs without accessory growths. 
Subcutaneous autotransplants of accessory limb 
tissue to the opposite limb and side failed to grow 
during 1 year of observation of all six animals. 

Amputation of accessory limbs.—In the remain- 
ing experiments the accessory limb itself was 
amputated, 0.5—1 mm. from its base. 

The regenerates appearing after amputation of 
accessory limbs were varied, but in general they 
either approximated the structure of the ampu- 
tated growth or were less complex. These rela- 
tions are shown in Table 3, where the number of 


TABLE 3 
TYPES OF REGENERATES RESULTING FROM 
AMPUTATION OF ACCESSORY LIMBS 


Comparison of Number of Digits on Amputated 
Limb to Number on Regenerate 


No. digits on No. digits on 
No. animals accessory limb regenerate* 
1 7 3 
1 6 7 
5 4 4, 2, 2, 2, 1 
1 3 3 
5 2 & i, i 
Q 1 1, no regenerate 


*T.e., on accessory limb regenerating after 
amputation. 


digits on the accessory limb before its amputation 
is compared to the number on the regenerate aris- 
ing from the amputation stump. In all animals the 
regenerates ceased growing at or before the time 
they reached the size of corresponding normal 
structures. No changes suggestive of neoplasia 
were seen in any of them. 

In fifteen animals, fragments of the accessory 
limb were autotransplanted to the opposite limb 
and the body wall, while the growths removed 
from two animals were transplanted to a total of 
ten other newts. Only one of the transplants be- 
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came established. This was an autotransplant to 
the opposite limb. A small conical projection slow- 
ly grew from the injection site and reached a 
height of 1 mm. after 3 months. It grew no more 
during 1 year of observation. None of the other 
transplants showed evidence of becoming estab- 
lished. These results contrast with those obtained 
with the two methylcholanthrene-induced sar- 
comas, both of which could readily be trans- 
planted by the same technic. 


Ill. INpucTION oF SARCOMA BY METHYLCHOLANTHRENE 


Two sarcoma strains arising from tumors in 
newts injected with methylcholanthrene (ef. 
Table 1) are being maintained by transplantation 
in other newts. Their properties will be described 
in detail in a later publication. The induced tu- 
mors are shown in Figures 9 and 10, a trans- 
planted tumor in Figure 11, and the microscopic 
appearance of the tumors in Figures 12, 13, and 14. 

It is of interest that both of the sarcomas oc- 
curred in male newts, whereas the incidence of ac- 
cessory limbs was the same in males and females. 
Curiously, the sarcomas when transplanted have 
taken better in females. 

As many injected animals as possible are being 
kept for extended periods in order to determine 
whether other neoplasms arise, particularly in 
animals bearing accessory limbs. Over 230 have 
been observed for 1-2 years. 


DISCUSSION 


When newts that have been taken from their 
natural habitat are examined with care, an oc- 
casional animal bearing an accessory or redupli- 
cated limb is found. In this laboratory, only two 
among some 1,500 7’. viridescens have been seen, 
one an imperfect accessory growth on the forelimb 
and the other a reduplicated hind limb. 

Experimentally, accessory limbs have been pro- 
duced by severe injuries that apparently involved 
nerves. Detailed accounts of the induction of 
such growths in salamanders by the surgical 
deviation of limb nerves are given by Guyénot 
and Schotté (12) and by Guyénot et al. (11) and 
others. If a nerve is shifted from its normal course 
and made to emerge near the skin, an accessory 
limb frequently develops near its tip. Fibers 
growing from the end of the nerve seem to be ca- 
pable of initiating the formation of blastema. 

It is possible that nerve deviation has played a 
part in the present experiments as a consequence 
of the destruction and regeneration of nerve. An 
injured, inflamed, or scarred region may prevent 
regenerating nerve from following its original 


course. The new twigs may then be forced far 
enough out of their original path to emerge near 
the skin, under conditions similar to those attend- 
ing surgical deviation. If nerve deviation is in- 
volved in the present experiments, it appears 
necessary to assume that the limb-inducing sub- 
stances affected in some chemical manner the 
directional growth of nerves, since other sub- 
stances incapable of limb induction were just as 
injurious to tissue, and presumably to nerves, as 
those known to be active. 

Nerve is necessary but not of itself sufficient for 
the formation of limb regenerates (8, 16, 18). 
Cells capable of forming a blastema are also re- 
quired, and these are derived from the limb 
itself. This fact has been demonstrated by Butler 
(6) in experiments involving the inactivation of 
the blastema-forming cells by means of roentgen 
rays. Similar inactivation was achieved by Thorn- 
ton, using beryllium (17). However, Brunst (4) 
and Brunst and Figge (5) have shown that 
roentgen rays in small doses are capable of 
stimulating the blastema-forming tissue, and have 
in this manner induced secondary (accessory) 
limbs and tails in young axolotls. In their experi- 
ments it is improbable that nerve deviation oc- 
curred. The results lend support to the hypothesis 
that in the present experiments a direct stimula- 
tion of blastema-forming tissue by the injected 
substances occurred. 

There is little evidence to connect the accessory 
growths and sarcoma in a causal manner. Only 
methylcholanthrene proved carcinogenic, yet it 
induced relatively few accessory limbs. Coal tar 
and certain fractions of tar, and beryllium, which 
is known to induce osteogenic sarcoma in rabbits 
(9), induced a high incidence of accessory limbs 
but no neoplasms. It seems likely that, of sub- 
stances carcinogenic in mammals, some may in- 
duce only blastema formation in the newt or may 
be inactive, whereas methylcholanthrene can in- 
duce neoplasia as well. It is of interest that beryl- 
lium is a powerful inhibitor of alkaline phosphatase 
(13), an enzyme known to be of importance for the 
growth of bone, which forms a prominent part of 
the accessory limbs. 

A number of investigators have attempted to 
induce neoplasia in cold-blooded vertebrates by 
means of chemical agents. In a review published 
in 1949 Lucké and Schlumberger (15) state: “No 
convincing evidence has been produced that true 
neoplasia has been induced by any of the chemicals 
used in any cold-blooded vertebrate.”’ 

In the present experiments such induction has 
been accomplished. 
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SUMMARY AND CONCLUSIONS 


Adults of the common newt, Triturus viri- 
descens, were given injections of various sup- 
posedly carcinogenic and noncarcinogenic sub- 
stances into the proximal region of the forelimb. 
Other newts were subjected to thermal and 
mechanical injury of the same region. 

Certain fractions of coal tar, or tar either 
alone or with added methylcholanthrene, benz- 
pyrene, acetylaminofluorene, or scarlet red, in- 
duced the formation of accessory limbs in a high 
incidence (11-63 per cent). The accessory limbs 
grew from the site of injection and consisted of re- 
duplications of normal limb structure found distal 
to the point of injection. 

Of other substances tested that did not contain 
tar or tar fractions, only beryllium hydroxide in- 
duced a high incidence of the accessory limbs (33 
per cent). 

A few accessory limbs were induced by vaseline 
and by particles of carcinoma of the kidney of the 
leopard frog. 

Benzpyrene, acetylaminofluorene, scarlet red, 
Triturus sarcoma, and local injury failed to induce 
accessory limbs. 

Sarcoma developed in two animals that had 
been injected with methylcholanthrene; in one the 
sarcoma was at the base of an accessory limb. 
Both sarcomas were highly invasive and have 
been serially transplanted in other newts. 

In contrast, the accessory limbs consisted of 
well organized, apparently normal limb tissues, 
and could not be transplanted. 

It is concluded that some carcinogenic sub- 
stances are capable of inducing not only neoplasia 
but highly organized growth as well. 
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without development of any accessory growths. <4. 

Fic. 3.—Adult T. viridescens injected 385 days previously 
with coal tar containing 4 per cent added benzpyrene. Two or 
three digits appeared at the site of injection after 90 days; in 
total, six were present after 150 days, and eight were present 
after 350 days. <4. 

Fic. 4.—Adult 7. viridescens injected 69 days previously 
with the same tar mixture as the animal shown in Figure 1. 
The accessory growth is a single conical projection. After 150 
days it increased several times in size, developed two digit-like 
projections at its tip, and ceased growing .X4. 
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Fic. 5.—Section through a well-developed accessory limb, 
having 4 digits, induced by injection of coal tar 92 days 
previously. The carpal cartilages are shown at X. A longi- 
tudinal section of one digit extends distally from them. Striated 
muscle and nerve fibers are present at Y. The humerus of the 
host limb, from which the accessory limb arises, is shown at Z. 
The normally occurring bone of the humerus has largely been 
replaced by newly formed cartilage. Holmes’ silver impregna- 
tion. X28. 

Fic. 6.—Section through a cone-shaped poorly differ- 
entiated accessory limb induced by coal tar injected 92 days 
previously. Its gross appearance was similar to the growth 
shown in Fig. 4. A central cone of cartilage is to be seen at X. 
Striated muscle is present at Y, and nerve fibers at Z. The 
growth is covered by mature skin. Holmes’s silver impregna- 
tion. 

Fic. 7.—Higher magnification of the region of striated 
muscle seen in Fig. 6 (}’). The striations are not very promi- 
nent, as the muscle is still in the process of differentiation. 
Holmes’s silver impregnation. 450. 
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Fic. 8.—Adult 7. viridescens. Cone-shaped growth from 
rig’! forelimb and axillary region 168 days after injection of 
this site with approximately 1 mg. methylcholanthrene crystals 
wet with olive oil. This structure is an accessory limb without 
digits. <4. 

Fic. 9.—Same animal as shown in Fig. 8, but 488 days after 
injection. The base of the cone has become greatly thickened, 
and several engorged veins have appeared. There is also 
swelling of the right forelimb and of the right occipital region. 
The animal was sacrificed 2 days later. Upon microscopic 
examination the swelling was found to be an invasive sarcoma 
(Sarcoma 5) that had arisen at the base of the accessory limb 
and had extended to the base of the skull. <4. 

Fic. 10.—Adult 7. viridescens injected 168 days previously 
into the proximal region of the right forelimb with approxi- 
mately 1 mg. methylcholanthrene crystals wet with olive oil. 
The entire right forelimb shows nodular thickening, the swell- 
ing increasing proximally, so that limb and body join in a fusi- 
form manner. The animal was sacrificed 3 weeks later and the 
tissues examined microscopically. The entire swollen region was 
found to be invaded by sarcoma (Sarcoma 27). 4. 

Fic. 11.—First passage of sarcoma shown in Fig. 9, 133 
days after injection of tumor fragments into the right fore- 
imb. 
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Fic. 12.—Section of Sarcoma 27 (see Fig. 10), showing the 
predominance of spindle-shaped cells and their arrangement in 
whorls. Hematoxylin and eosin. 100. 

Fic. 13.—First passage of Sarcoma 27. The tumor cells are 
shown invading muscle. One cell in the lower right-hand corner 
is in mitosis. Giemsa. 450. 

Fic. 14.—Third passage of Sarcoma 5. The central portion 
of a large tumor is shown. One cell just below the center is in 
mitosis. Giemsa. 450. 
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The Distribution of Administered Radioactive Rubidium 
(Rb~) in Normal and Neoplastic Tissues 
of Mice and Humans™ 


ALBERT ZIPSER AND A. STONE FREEDBERG 


(Medical Research Department, Yamins Research Laboratory, Beth Israel Hospital, and the Department 
of Medicine, Harvard Medical School, Boston, Mass.) 


Previous observations (2) have shown a rela- 
tively small uptake of Rb*®* by normal brain tissue 
after parenteral administration of Rb* carbonate 
in the guinea pig and dog. This potentially low 
background would be useful in localizing intra- 
cranial tumors with sufficient isotope avidity. 
This problem was investigated by determining the 
uptake and distribution of parenterally adminis- 
tered Rb* in normal and neoplastic tissues of mice 
and humans, with emphasis on neurogenic tu- 
mors. The results suggest the possible usefulness 
of this isotope for the localization of brain tumors. 


MATERIALS AND METHODS 


Rubidium is an alkali metal in the same series of 
the periodic table as lithium, sodium, cesium, and 
potassium, and has chemical and physical proper- 
ties particularly similar to potassium. Naturally 
occurring rubidium is a mixture of stable Rb*® 
(72.8 per cent) and weakly radioactive Rb*’ (27.2 
per cent). Many artificially radioactive isotopes of 
this element have been produced; Rb*, the isotope 
used in this study, has a half-life of 19.5 days and 
emits both beta (1.82 Mev) and gamma (1.08 
Mev) rays. 

Purified rubidium carbonate! was irradiated in 
the nuclear reactor at Oak Ridge, Tenn. The spe- 
cific activity was initially 10 mc/0.65 gm. Trace 
quantities of cesium (Cs!**) were present. 

All specimens except urine and blood were pre- 
pared for analysis by digestion in 2 N NaOH. An 
aliquot of each specimen was plated and dried in 
small metal planchets, and radioactivity was de- 
termined by means of a well shielded, mica-end 

* This work was aided by an institutional grant to Harvard 
University from the American Cancer Society, and, in part, 
by the Patrons of Research, Beth Israel Hospital. 


Portions of this paper were presented before the American 
Physiological Society on April 15, 1952, in New York City. 


1A, B. McKay Co., New York. 
Received for publication July 8, 1952. 
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window, TGC-1A Tracerlab G-M tube. Counting 
rates were sufficiently high so that the statistical 
error was less than 5 per cent. Appropriate correc- 
tions were made for geometry, internal absorption, 
and decay. 

Toxicity.—The dose of Rb’§CO; for mice was 
calculated to contain sufficient radioactivity for 
accuracy of measurement, while avoiding toxic 
pharmacologic and radiation levels. In mice weigh- 
ing 20 gm. a dose of 0.1 cc. of a 13 per cent solution 
(13 mg.) caused very prompt spastic paralysis, fol- 
lowed by death in more than 50 per cent of the 
animals. Within 5 minutes after intraperitoneal 
injection, spasm was apparent in the hind extremi- 
ties and rapidly became generalized. Respiratory 
movements were slowed, labored, and gasping. 
The heart continued to beat for a few minutes 
after complete respiratory paralysis developed. 

With a dose of 0.08 cc. of the 13 per cent solu- 
tion (10.4 mg.), only a few animals displayed mus- 
cular distress, and these invariably recovered 
shortly. This dose was therefore not exceeded in 
the experiments with mice. 


RESULTS 


DISTRIBUTION IN NORMAL AND TUMOR-BEARING MICE 


A group of six Swiss white mice bearing Sar- 
coma 37, transplanted 3 weeks earlier, and a like 
number of control animals were given intraperi- 
toneal injections of a solution of Rb** providing 
approximately 8.2 X 10° counts per minute (ap- 
proximately 8.5 uw). Rapid absorption from the per- 
itoneal cavity had been demonstrated in the pre- 
liminary toxicity studies. 

The animals were sacrificed 24 hours after ad- 
ministration of the isotope. Weighed portions of 
various tissues were prepared as described above. 
The results are presented in Table 1 and represent 
the average findings in each group. 

The Sarcoma 37 in this host concentrated less 
rubidium than the brain. The presence of the 
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neoplasm did not appreciably alter the distri- 
bution of the isotope in the other tissues as com- 
pared to that in the control animals. The highest 
uptake was demonstrated in the pancreas. The 
further order of decreasing avidity was: spleen, 
liver, muscle, heart, brain, and tumor. 


EFFECT OF VARIATION IN INTERVAL FOLLOWING TRANS- 
PLANTATION OF SARCOMA 37 UPON UPTAKE OF RB* 


Mice bearing the transplanted Sarcoma 37 for 
varying periods of time were used to determine the 
influence, if any, of the “age” of the tumor upon 
the distribution of Rb**. Administration of the 


animals received each isotope. Fifty per cent of 
each group was sacrificed after 4 hours, the re- 
mainder in 24 hours. 

In each group of animals (Table 3) the absolute 


_ uptake of both isotopes by tumor and brain tissues 


was greater at 24 hours than at 4 hours. In every 
instance, however, the ratio of Rb®* concentration 
in tumor:brain was greater at the 4-hour interval. 
In the astrocytoma-bearing animals the tumor to 
brain ratios of 10.1 and 11.3 for Rb** and Cs!*4, re- 
spectively, are significantly higher than were the 
ratios observed in the experiments with Sarcoma 
37 and neuroblastoma. 


TABLE 1 
DISTRIBUTION OF Rb*® IN SARCOMA-BEARING AND CONTROL MICE 
(Per cent of dose/gm) 
Group Pancreas’ Spleen Liver Muscle Heart Brain Sarcoma 
Sarcoma 37 mice 2.6 2.3 2.3 1.7 1.3 0.60 0.48 
Control mice 2.6 2.6 2.3 1.9 1.6 0.68 


isotope and analysis of tissues were carried out as 
in the previous experiment. 

A greater uptake of Rb® by the sarcoma was 
demonstrated during the first 16 days following 
transplantation (Table 2). The tumor:brain con- 


TABLE 2 


DISTRIBUTION OF Rb** IN MICE BEARING SARCOMA 37 
FOR VARYING DURATIONS 


(Per cent of dose/gm) 
“Age” of 
tumor Pan- 
(days) creas Spleen Liver Muscle Heart Brain Tumor 
7 2.5 2.7 2.5 2.1 1.9 0.62 1.5 
16 29 2.6 23 1.6 1.2 0.57 1.5 
27 8.7 8.1 8.7 319 3.9 1:6 0.72 
38 26 2.65 23 I1.!1 0.78 


centration ratio was 2.5:1 during this period, 
which corresponds to and may be related to the 
phase of maximum rate of growth of the tumor in 
this host. 


DisTRIBUTION OF anp Cs!*4 Mice BEARING 
Tumors or NERVOUS SysTEM ORIGIN 
Prior to determination of the distribution of 
Rb* in a suitable patient with brain tumor, studies 
were conducted in animals bearing neurogenic neo- 
plasms. Eight ABC strain mice with subcutane- 
ously implanted neuroblastomas and eight C3H 
strain mice bearing astrocytomas, transplanted 3 
weeks and 6 weeks earlier, respectively, were used.? 
Cs!34 in the form of cesium chloride was also used 
in the experiment, because it was present in trace 
amounts in the irradiated Rb**. One-half of the 
2 We wish to thank Dr. Sheldon C. Sommers, Harvard 


Medical School, Boston, for the animals from which these tu- 
mors were transplanted. 


As in earlier experiments, the pancreas had the 
highest uptake of rubidium. This was also the case 
with cesium. The latter isotope, however, was dis- 
tributed in distinctly smaller amounts in the liver 
and muscle. 


STUDIES IN THE HUMAN 

CasE 1.—On December 1, 1951, a male patient 
(A. H.) underwent craniotomy for an intracranial 
neoplasm.* The clinical manifestations indicated 
an expanding lesion in the posterior fossa en- 
croaching upon the cerebellum and brain stem. 
The preoperative prognosis was poor. 

Approximately 50 minutes before the operation, 
an intravenous injection of a 13 per cent solution 
of Rb*CO, containing 100 ue. of Rb®*, was admin- 
istered. The withdrawal of specimens of blood at 
predetermined intervals was prevented by exigen- 
cies of the operative procedure and changes in the 
patient’s condition. Urine was collected via an 
indwelling catheter. 

Attempts were not made to localize the tumor 
by external counting devices or through use of a 
radio-sensitive probe. Biopsy specimens obtained 
during the operation and specimens of other tis- 
sues obtained at autopsy were analyzed for Rb* 
content. Autopsy disclosed a primary carcinoma 
of the esophagus with metastases to the brain and 
to retroperitoneal lymph nodes. Death was due to 
encroachment of the tumor upon vital brain struc- 
tures. 

Urine.—The urinary excretion during the first 
3? hours was 0.49 per cent of the administered dose 
of Rb* in a volume of 255 ce. 


3 We wish to thank Dr. W. Sweet, Massachusetts General 
Hospital, for the opportunity to carry out the studies in these 
two patients. 
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Tissues.—The concentration of Rb* in the tis- 
sues is shown in Table 4. There is a marked differ- 
ence between uptakes by normal brain (0.0009— 
0.0003 per cent/gm) and the tumor tissue (0.0060— 
0.0058 per cent/gm). In the surgical biopsy speci- 
mens obtained about 33 hours after administration 
of the Rb**, the tumor demonstrated 6.7 times as 
much radioactivity per gram as did the normal 
brain. In the necropsy specimens obtained an hour 
later, this ratio rose to 19.3. This increase in ratio 
was related to the more rapid clearance of the 
isotope from the brain; the concentration in the 
tumor changed very little during the interval. 


vaded lymph node, kidney, muscle, testis, eso- 
phageal carcinoma, scalp, adrenal cortex, dura, 
and normal brain. Specimens of pancreas and 
spleen were unfortunately not obtained. 

CasE 2.—On January 10, 1952, a second patient 
(T. F.)* was operated upon for further resection of 
a glioblastoma. A solution of RbsCO; containing 
100 ue. of Rb* was injected intravenously after 
the surgical procedure was under way. Specimens 
of the glioblastoma and of normal brain were pro- 
vided at random intervals until the operation was 
completed. 

The uptake of Rb* by the normal brain tissue 


TABLE 3 
UPTAKE OF Rb*® AND Cs! BY NEUROGENIC NEOPLASMS AND OTHER TISSUES OF MICE 
(Per cent of dose/gm) 
Astrocytoma (C3H mice) Nevurosiastoma (ABC mice) 
Rb’ C134 Cs134 
TIssuE 4 hrs. 24 hrs. 4 hrs. 24 hrs 4 hrs 24 hrs. 4 hrs. 24 hrs. 
Tumor 1.82 2.65 0.34 0.69 0.94 1.14 0.21 0.32 
Brain 0.18 0.79 0.03 0.15 0.25 0.43 0.13 0.28 
Pancreas 2.78 3.43 1.54 1.42 3.79 1.59 1.28 2.86 
Liver 2.78 2.72 0.64 0.56 3.49 1.37 0.43 1.45 
Muscle 1.38 2.40 0.37 0.81 2.12 1.33 0.36 1.3 
Tumor:brain ratio 10.1 3.4 11.3 4.6 3.8 $.9 1. er 
TABLE 4 TABLE 5 
DISTRIBUTION OF Rb*®* IN HUMAN BIOPSY AND DISTRIBUTION OF Rb*® IN A GLIOBLASTOMA 
NECROPSY TISSUE SPECIMENS AND NORMAL BRAIN TISSUE 
Per cent (Per cent of dose/gm) 
Pr Tissue 24min. 38min. 60min. 98 min. 
— ©08e/ Normal brain 0.007 0.006 0.004 0.0015 
rs. min. Glioblastoma 0.004 0.014 0.014 0.009 
— Muscle 3 “37 “ 0 0056 tio tumor: brain 3.23 2.3:1 3.5:1 6.0:1 
“ “ 
Whole blood $5  # 0.0004 had already reached a maximum at the time of the 
Normal brain 4 hrs. 38 min. 0.0003 24-minute sampling (Table 5). The concentration 
Brain tumor (metas.) 0.0058 h h 
node 0.0053 the glio astoma, however, more than tripled 
Esophageal carcinoma : 0.0036 during the next 14 minutes. The ratio of uptake by 
Liver 0.0098 tumor: brain increased from. 1.7:1 at 24 minutes 
Heart 0.0091 
Lung a“ 0.0069  +to 6.0:1 at 98 minutes. In view of the apparent 
Kidney , — more rapid clearing of Rb** from the brain, it is 
Newey 0 0088 likely that the tumor: brain ratio would have con- 
Scalp 0.0031 tinued to increase. 
Adrenal cortex 0.0029 
Dura 0.0006 COMMENTS 


The intracranial and retroperitoneal metastases 
showed similar uptakes of Rb*. These differed, 
however, from the concentration in the esophageal 
lesion. The discrepancy is possibly due to the 
heterogeneous nature of the latter specimen, which 
contained both normal and neoplastic tissue. 

The greatest uptake of rubidium was demon- 
strated in the liver, which contained 0.0098 per 
cent of the total dose per gram. Concentrations of 
Rb®* in the remaining tissues, in decreasing order 
were: heart, lung, brain tumor (metastatic), in- 


These studies demonstrated that more Rb* was 
concentrated in primary brain tumors and in a 
metastatic brain tumor of esophageal origin than 
in normal brain tissue. Carcinomas of the esopha- 
gus, stomach, breast, and uterus in humans were 
previously shown (4) to retain more rubidium than 
certain normal tissues when natural rubidium was 
administered parenterally. Our observations of 
tumor to brain ratios for Rb* uptake of 10.1 in the 
mouse astrocytoma, 19.3 in the patient with 


4 Distribution of Rb* in the blood of this patient is reported 
elsewhere (8). 
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metastatic malignancy to the brain, and 6.0 in the 
patient with glioblastoma, suggest the feasibility 
of localizing intracranial neoplasms with this iso- 
tope by means of external counting devices. The 
tumor to brain ratios obtained with rubidium are 
within the range reported by Erickson e¢ al. (1) 
and Selverstone et al. (5, 6) using P®? and K*. 
Erickson et al. (1), utilizing P*2, obtained tumor to 
normal brain ratios of 1.6—29 (average, 10) to 1 in 
eleven patients with glioblastoma multiforme. 
Using P**, Selverstone et al. (5) found tumor to 
normal brain ratios of 5.5—-112 (average, 17) to 1 in 
nine cases of intracranial tumors. With K“*, Selver- 
stone et al. (6) reported tumor to normal brain 
ratios of 20—78 to 1 during the first 6 hours, falling 
to 4-10 to 1 after 18 hours in eight cases of glio- 
blastoma multiforme. Susen et al. (7) and Selver- 
stone et al. (6) recently reported the successful use 
of K* and a directional scintillation counter in the 
detection of brain neoplasms. The physical half- 
life of rubidium*® of 19.5 days and the gamma ray 
of 1.08 Mev are desirable physical characteristics 
for this purpose. Possible interference from Rb* in 
the scaip and its muscles may be minimized by 
placing the Geiger-Miiller tube or scintillation 
counter at a distance of approximately 10 cm. from 
the scalp, thus invoking the inverse square law (6). 

Distribution of Rb* in the tissues of mice is in 
good accord with that found in the guinea pig and 
dog (2). In each of these species, uptake per gram, 
expressed as the percentage of the dose adminis- 
tered, was greatest in the pancreas, followed closely 
by spleen and liver. Although a lesser concentra- 
tion is found in muscle, the deposit of Rb* in the 
entire muscle mass is very great. In the patient 
with esophageal carcinoma (Case 1), the entire 
muscle mass was estimated to contain 70 per cent 
of the administered dose (muscle mass calculated 
as 30 per cent of body wt.). These results are con- 
sistent with previous observations by Mendel and 
Closson (3). 


SUMMARY 


1. Brain tumors in mice and humans were 
shown to have taken up from 6 to 19.3 times more 


Rb* per gram than did normal brain tissue. These 
ratios of concentration are sufficiently great to 
warrant the use of this isotope in attempted locali- 
zation of intracranial neoplasms by means of ex- 
ternal counting devices. 

2. ‘The pancreas demonstrates the highest con- 
centration of administered Rb*, followed closely 
by liver and spleen. The absolute majority of the 
isotope is distributed to the entire skeletal muscle 
of the body. 


3. Toxicity studies in mice demonstrated that 
rubidium has a profound effect upon musculature. 
Overdosage produces generalized spastic paralysis 
leading to respiratory failure. The MLDs5p for mice 
is 0.65 mg. RbeCO; per gram of body weight. 

4. Doses of Rb®* adequate for localization stud- 
les in man are well below the range of toxicity. 
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Effects of Combinations of Antileukemic Agents on an 


Acute Lymphocytic Leukemia of Mice” 
L. W. Law 


(The National Cancer Institute, Bethesda, Md.*) 


Two major obstacles prevent the successful 
treatment of neoplastic diseases by direct attack 
on the cancerous cell. First, chemical or physical 
agents which selectively destroy neoplastic cells 
without also seriously impairing the function of 
normal cells are unknown at present, although 
folic antagonists, in certain experimental leuke- 
mias of the mouse, exhibit a striking selectiv- 
ity of action. Second, the development of vari- 
ant forms of cancer cells which are resistant to and 
even dependent upon the specific chemothera- 
peutic agent used in therapy results in eventual 
failure of treatment. The development of such re- 
sistant and dependent variant cells has been de- 
scribed in the experimental leukemias of mice (4, 
13, 16); it is reasonable to assume that similar 
transformations occur in other neoplasms as well. 

The discovery of more effective anticancer 
agents, which at present seems improbable because 
of the qualitative similarities of normal and cancer 
cells, will not eliminate the problem of develop- 
ment of resistance and dependence of cancer cells. 
It is known, from experimental tests, that the 
transformations to resistance and to dependence 
which occur rather generally among experimental 
leukemias arise as spontaneous mutations which 
are stable, irreversible, and heritable (13, 14). The 
anticancer agent acts in selecting out these variant 
forms. Thus, more effective anticancer agents will 
be in all probability more effective in selecting 
spontaneous mutations occurring in the popula- 
tion of cancerous cells. 

Extensive genetic investigations of drug resist- 
ance in bacteria show that a variety of physical 
and chemical agents increases mutation rates. 
There is no known method for decreasing these 
mutation rates, and it is unlikely that the host can 


* Presented, in part, at the Gordon Research Conference, 
New London, N.H., August 30, 1951, and at the American 
Association for Cancer Research, Cleveland, Ohio, April 
27-29, 1951. 


+ National Institutes of Health, U.S. Public Health 
Service. 


~ Received for publication July 14, 1952. 
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alter the process of spontaneous mutation. The ap- 
proach to resistance and dependence, therefore, 
would appear to be in attempting to control or 
suppress the process of selection of these spon- 
taneously occurring transformations. It was with 
this objective in mind that the series of experi- 
ments reported here was undertaken. 

The principle of combined therapy with two or 
more chemotherapeutic agents, acting independ- 
ently, has been used successfully in infectious dis- 
eases, particularly in the treatment of tuberculosis. 
If the frequency of mutation to resistance of a 
cell, bacterial or cancerous, to drug A is 1 X 10° 
and a frequency of mutation to drug Bis 1 X 10-5, 
only one cell in 10" will simultaneously develop 
both mutations. Thus, doubly resistant mutants 
have a negligible probability of emerging from a 
susceptible tumor or bacterial population in the 
presence of two or more effective chemical or phys- 
ical agents which exhibit different mechanisms of 
action. 

Several studies have been made using combina- 
tions of anticancer agents. Slight but consistent 
synergistic action of urethan and nitrogen mustard 
(HN2) was shown by Skipper e¢ al. (20), using a 
lymphocytic leukemia (AK4). Goldin et al. (8) 
showed antileukemic synergism in various com- 
binations of 8-azaguanine, alpha-peltatin, and the 
4-amino substituted folic antagonist, aminopterin; 
the most effective combination was of the two anti- 
metabolites, 8-azaguanine and aminopterin. Even 
with this combination, increase in survival time of 
leukemic mice was not striking. Shapiro and Gell- 
horn (19) reported that the inhibition of the 
growth of adenocarcinoma 755 in C57BL mice was 
greater in combinations of 8-azaguanine with 
desoxypyridoxine, folic acid, 7-methylfolic acid, 
or vitamin Bye. than with 8-azaguanine alone, al- 
though, of the compounds used in combination 
with the guanine analog, only desoxypyridoxine 
gave indication of some inhibition. In a prelimi- 
nary note Emerson, Wurtz, and Zanetti (6) re- 
ported that cortisone (compound E), when ad- 
ministered to riboflavin-deficient mice, caused a 
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rapid regression of well-established lymphosarco- 
matous grafts, whereas cortisone alone, or other 
adenocorticosteroids in combination with the avi- 
taminosis, were ineffective. 

Of the antileukemic compounds used in the 
present study, 4-amino-N?!°-methylpteroylglutam- 
ic acid (A-methopterin) is the most effective in in- 
creasing survival time in mice with acute lympho- 
cytic leukemia (3, 13). It has also been used effec- 
tively in developing resistant and dependent 
leukemic cells and resistance in Streptococcus fae- 
calis (5). The guanine analog, 8-azaguanine (5- 
amino-7-hydroxy-1H-v-triazolo(d)pyrimidine) has 
also been relatively effective in inhibiting growth 
of leukemic cells in certain leukemic lines (7, 10, 
11) but has been inactive against other leukemias 
(3, 22). This compound, likewise, has been used 
as an effective selective agent in developing vari- 
ant leukemic cells showing resistance or depend- 
ence (14, 18). It has been shown by use of the re- 
sistant variants developed that these two anti- 
metabolites exert their antileukemic_ effects 
through different mechanisms. Alpha-peltatin (9) 
and 2,4,6-triethyleneimine-s-triazine (TEM) (2) 
have also been shown to possess some antileukemic 
activity. 


MATERIALS AND METHODS 


The acute lymphocytic leukemia, L 1210 (18), 
which arose in a DBA strain mouse of subline 212 
(DBA/2) and is carried in transplant within this 
subline, was used as test material. This leukemia 
has been transferred by a standard dose of cells 
(8 X 10°) (13) into more than 3,000 mice of the 
DBA/2 strain and into more than 500 BDF; mice 
(9 C57BL X & DBA). Leukemia has resulted 
in all cases with no regressions. Leukemic cells, 
obtained from the lymphomatous tumor mass pro- 
duced in subcutaneous transfer, were diluted in 
Locke’s solution and inoculated either intraperi- 
toneally or subcutaneously into mice of both sexes 
weighing 18-20 gm. The tests reported here were 
accomplished with leukemic cell preparations ob- 

1 A-methopterin, 8-azaguanine, and TEM were kindly sup- 
plied by the Lederle Laboratories Division, American Cyana- 


mid Co., Pearl River, N.Y. Dr. Joseph Leiter of this Institute 
kindly furnished the alpha-peltatin used in these experiments. 


tained between the 100th and 150th transfer gen- 
eration of this leukemia. 

A-methopterin! was dissolved routinely in dis- 
tilled water and injected intraperitoneally in a to- 
tal volume equivalent to 1 per cent of the body 
weight. 8-Azaguanine was dissolved in 0.1 N NaOH 
and diluted with distilled water to 0.01 n NaOH. 
The pH of the resulting solution was approximate- 
ly 8. Injections were given subcutaneously at a 
total volume equivalent to 5 per cent of the body 
weight. Alpha-peltatin was dissolved in 1 N NaOH 
and then diluted to the concentration used with 
distilled water. TEM was dissolved in distilled 
water. Both latter compounds were injected intra- 
peritoneally in a total volume of solution repre- 
senting 1 per cent of body weight. 

8-Azaguanine was given daily, beginning 24 
hours after inoculation of leukemic cells. A-me- 
thopterin was given every other day, beginning 48 
hours after inoculation of leukemic cells. TEM 
and alpha-peltatin were given every other day, 
the first injection beginning at 72 hours post- 
inoculation of leukemia. Exceptions to this sched- 
ule were made in the experiments of Series 3 (see 
footnote of Table 3). 

Tissues for histologic study were fixed in Tell- 
yesniczky’s fluid? and stained with hematoxylin 
and eosin. 


RESULTS 


Serves 1.—Table 1 shows effects of various sub- 
stances, given either singly or simultaneously, on 
survival time of mice bearing intraperitoneal 
transfers of leukemic cells. The dosage schedules 
for the two most effective compounds, 8-azagua- 
nine and A-methopterin, are within the effective 
antileukemic range but lower than the maximum 
tolerated dose. Little or no loss in weight at 7 days 
was Observed in mice receiving these compounds, 
singly, within the dosage schedules employed; in- 
creases in dosage further increased survival time. 
The dosage range for A-methopterin varied from 
3 mg/kg X 4 (75 per cent increase in survival 
time) to 3 mg/kg X 12 (246 per cent increase in 
survival time). The dosage range for 8-azaguanine 


2 Guyer, M. F. Animal Micrology, p. 214. 3d ed. Chicago: 
Univ. of Chicago Press, 1934. 


NOTES TO TABLE 1 


* Total dose represents maximum total dose given in an individual experiment. Mice dying relatively early did not receive maximum total dose. Anti- 


leukemic compoun 


given intermittently after regular schedule in combination groups of Experiments 2, 3, 4, and 5 when condition of animals permitted. 


t+ Am =A-methopterin, 8 Ag =8-Azaguanine, TEM =Triethylene melamine, AP = Alpha-peltatin. 

t Reinoculated at 149 days with leukemia L 1210. Dead from leukemia at 11 days. 

§ Mice given combination of Am, 8 Ag, and TEM, simultaneously, died from symptoms of toxicity at 9 days. 
# Injections of Am and 8 Ag continued intermittently on eight animals which lived beyond 36 days. 


|| Two reinoculated at 149 days with leukemia L 1210. Dead at 11 days. 


** Three reinoculated with leukemia L 1210 at 180 days. All dead, leukemic, at 10 days. 


tt No histologic evidence of leukemia at 90 days in these mice. 
tt Survival time based on thirteen survivors. 
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EXPERIMENT 
1. Control 


TABLE 1 


EFFECT OF SEVERAL ANTILEUKEMIC AGENTS, GIVEN SINGLY OR SIMULTANEOUSLY 
IN COMBINATION, ON SURVIVAL TIME OF L 1210 LEUKEMIC MICE 


STRAIN 


OF MICE 


DBA/2 


Am+8 Ag+TEM 


5. Control 


Am 


Am+8 Ag+TEM 


6. Control 


Am 

8 Ag 

AP 

Am-+8 Ag 
Am-+APfT 


Am+8 Ag+AP 


7. Control 


Am 


8 Ag 
Am+8 Ag+AP 


No. 
MICE 


11 


(Intraperitoneal transfer of leukemic cells) 


DosaGe (MG/KG) 


Daily Total* 
None 
3 27 
75 750 
3 27 
15 750 
None 
3 36 
75 975 
0.6 2.4 
3 45# 
15 1,725 
None 
3 30 
75 900 
2 36 
50 1,000 
3 54 
75 1,650 
None 
3 24 
75 600 
0.3 1.2 
3 24 
75 900 
3 27 
75 975 
0.3 1.2 
None 
3 24 
75 750 
0.75 3.0 
3 66 
75 2,025 
3 66 
75 2,025 
0.75 3.75 
None 
3 12 
75 600 
0.5 2.0 
3 12 
75 600 
3 12 
0.5 2.0 
3 12 
75 600 
0.5 2.0 
None 
3 18 
75 750 
3 18 
75 750 
0.5 1.5 


SuRVIVAL TIME PERCENTAGE IN- 
CREASE IN 
SURVIVAL 


IN DAYS 
(range) 
8.8 (8-9) 
20 .2 (19-22) 
14.1 (13-16) 


37.6 (21-76) 


10.6 (8-14) 
36.7 (21-37) 
16.0 (11-21) 
13.7 (11-15) 


49.8 (17-90) 


10.1 (9-12) 
31.6 (26-40) 
17.3 (16-19) 


42.9 (29-86) 


58.9 (21-90) 


9.4 (8-12) 
20.3 (17-23) 
14.8 (13-16) 
11.4 (7-13) 


37 .5 (16-90) 


26.2 (9-44) 


10.1 (9-12) 
20.3 (17-23) 
17.1 (15-19) 
12.4 (11-14) 


65.6 (40-90) 


55.5 (7-90) 


9.7 (9-11) 
17.0 (16-18) 
13.4 (11-15) 
10.4 (9-13) 


21.1 (19-25) 
18.8 (17-21) 


(20-28) 


11.5 (11-12) 
18.6 (16-21) 
13.6 (12-16) 


34.3 (24-90) ff 


129.5 
60.2 


327 .3 

246 .2 
50.9 
30 


369.8 


212.9 
71.3 


324.8 


449 


REMARKS 


4 dead of leukemia at 71, 71, 72, 
and 76 days 


1 90-day survivor{ 


1 dead, leukemic, at 64 days 

2 90-day survivors|| 

1 dead, toxic symptoms, at 17 
days 


2 dead, leukemic, at 83 and 86 
days 

1 dead, negative, at 141 days 

4 dead, leukemic, at 79, 81, and 
82 days 

3 dead, at 21 days, with symp- 
toms of toxicity 


1 dead, negative, at 107 days 
1 dead, toxic symptoms, at 7 
days 


4 dead, toxic symptoms, at 9, 12, 
14, and 15 days 


3 lived to 180 days** 
2 killed at 90 days for tissueft 


5 leukemic deaths at 61, 61, 89, 
96, and 104 days 

1 killed at 90 days for tissueft 

3 dead, toxic symptoms, at 7, 10, 
and 13 days 


1 90-day survivor 
7 dead, toxic symptoms, at 14 
days 


all 
Am+8 Ag 
— 
2, Control BDF, 10 
8 Ag 8 
TEMT 10 
3, Control BDF, 10 
Am 10 
A . 10 
Am+8 Ag 
10 483.1 a 
4 
4. Control BDF, 10 | 
Am 8 116 
8 Ag 10 58 
| TEM 10 21.3 
e 
| 
| 
100.9 
. 
8A 10 71 
g 
TEM 10 23 
Am+8 Ag | 
| 
10 15.3 
0 38.1 | 
< 
10 
10 117.5 
10 93 .8 
| 
10 
144.3 
BDF, 10 
61.7 
; 
20 
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varied from 75 mg/kg X 8 (58 per cent increase in 
survival time) to 75 mg/kg X 13 (51 per cent in- 
crease in survival time). It may be seen in Experi- 
ments 1, 6, and 7 that a striking potentiation of 
antileukemic effect was obtained upon simul- 
taneous administration, particularly of the two 
antimetabolites, A-methopterin and 8-azaguanine. 
In the remaining experiments, where injections 
were continued intermittently in the combination— 
therapy groups, increases in survival time up to 
549 per cent were obtained. Twelve mice in 
the combination-therapy group survived for 90 
days or longer. Of these, three were killed for 
pathologic study of the tissues, two died with 
generalized leukemia at 96 and 104 days, one died 
without signs of leukemia at 141 days, and the 
remaining six were reinoculated with standard 
doses of leukemic cells of leukemia L 1210. All six 


of the reinoculated 90-day survivors died with 
generalized leukemia at 10 and 11 days. A decided 
increase in symptoms of drug toxicity appeared in 
mice receiving combinations of drugs, particularly 
in mice receiving TEM and alpha-peltatin in addi- 
tion to the two antimetabolites used. 

Series 2.—The effect on survival time of anti- 
leukemic agents given individually or in combina- 
tion is not particularly striking in mice bearing 
subcutaneous transfers of leukemic cells (Table 2). 
Nevertheless, potentiation of antileukemic ac- 
tivity may be seen in all experiments except 
Exp. 11. 

In Exp. 12, a different subline of leukemia 
L 1210 was used as the source of leukemic cells. 
A virus-like contaminant has been described in 
this subline of leukemia L 1210, which strikingly 
reduced body weight, caused a moderate leuko- 


TABLE 2 


EFFECT OF ANTILEUKEMIC AGENTS, GIVEN SINGLY OR SIMULTANEOUSLY IN COM- 
BINATION, ON SURVIVAL TIME OF L 1210 LEUKEMIC MICE 
(Subcutaneous transfer of leukemic cells) 


STRAIN No. DosaceE (MG/KG) 
EXPERIMENT OF MICE MICE Daily Total 
8. Control DBA/2 13 None 
Am* “ 10 3 12 
8 Ag* - 10 75 750 
AP* ” 10 0.5 2.0 
Am+8 Ag+AP 3 12 
16 75 750 
0.5 2.0 
9. Control DBA/2 5 None 
Am ” 5 3 12 
8 Ag ” 5 50 400 
Am-+8 Ag 3 12 
. 8 50 400 
Am-+8 Ag+AP 8 Same 
10. Control DBA/2 10 None 
Am , 10 3 12 
8 Ag " 7 75 600 
AP 9 10 0.15 2.0 
Am+8 Ag 15 Same 
Am+AP ” 15 Same 
Am+8 Ag+AP 15 Same 
11. Control BDF, 8 None 
Am ” 10 3 12 
8 Ag 8 600 
TEM* . 8 0.75 3.0 
Am-+8 Ag “ 10 Same 
Am+8 Ag+TEM 10 Same 
12. Control DBA/2 8 None 
Amt 8 3 12 
8 Ag " 10 50 400 
AP ° 7 0.5 1.5 
Am-+8 Ag ” 10 Same 
Am+8 Ag+AP 10 Same 


SURVIVAL TIME PERCENTAGE 
IN DAYS INCREASE IN 
(range) SURVIVAL 

12.9 (11-15) 

18.3 (16-22) 42 

16.9 (14-23) $1 


REMARKS 


15.0 (14-17) 16.2 

29 .3 (25-35) 127.1 

14.0 (13-15) 

21.4 (18-23) 52.8 

15.8 (14-18) 12.8 

21.7(20-24) 55.5 

36 .'7 (23-90) 162.6 1 90-day survivort 

13.2 (13-14) 

19.1 (17-21) 44.7 

15.0 (14-16) 14.4 

14.6 (12-18) 10.6 

23 .'7 (21-29) 79.6 1 dead 14 days, toxic symptoms 

22.1 (20-27) 67.5  ldeadl4days, “ 

29 .0 (22-90) 119.7 1 90-day survivort 

14.3 (13-16) 

25 .3 (23-28) 77 

21.8 (17-24) 52.5 

19.1 (17-20) 33.6 

30.1 (28-35) 110.5 

32.0 (27-39) 123.8 8 dead, toxic symptoms at 15, 15, 
and 17 days 

19.6 (19-22) 

24.6 (23-27) 25.5 

21.4 (21-24) 9.2 

16.4 (12-24) 

45 .9 (27-90) 134.2 3 90-day survivorsT 

71.0 (18-90) 262.7  490-day survivorst 


3 dead of toxic symptoms at 8, 12, 
and 12 days 


* Am=A-methopterin, 8 Ag =8-Azaguanine, AP = Alpha-peltatin, TEM =Triethylene melamine, 
t All 90-day survivors reinoculated with leukemia L 1210. All dead at 10 and 11 days with generalized leukemia. 
t Subline of leukemia L 1210, contaminated with a virus-like agent (17) used in this experiment. Note increase in survival time of control group over cone 


trols in noninfected line. 
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cytosis (due principally to an increase in granulo- 
cytes), increased the mean age at death in mice 
bearing subcutaneous transfers of leukemic cells, 
and seriously injured normal lymphocytes par- 
ticularly in the spleen, thymus, and lymph nodes; 
it likewise injured infiltrating leukemic lympho- 
cytes (17). The survival time of mice bearing sub- 
cutaneous transfer of this particular subline of 
leukemia was strikingly increased by use of a 
combination of A-methopterin and 8-azaguanine 
and with the two antimetabolites plus alpha- 
peltatin, although, in the latter group, three mice 
died early without leukemia. Seven 90-day sur- 
vivors were found in these two groups, and all 
were found to be sensitive to standard doses of 
leukemia L 1210 when reinoculated, dying of 
leukemia at 10 and 11 days. 

Further tests, using the control subline of leu- 
kemia L 1210, and introducing the nonlethal, 
virus-like contaminant, failed to show the striking 
modification of the leukemic process in mice given 
combinations of these same antileukemic agents. 

Series 3.—It may be seen by reference to Table 
3 that the most effective antileukemic regimen, in 
the particular leukemia used, is the simultaneous 
administration of the two drugs. When a series of 
injections of either A-methopterin or 8-azaguanine 
is given first to leukemic DBA or BDF; mice fol- 
lowed immediately by a series of injections of the 
other compound, increases in survival time greater 
than with either agent also are obtained. It seems 
unimportant which compound is administered 
first. When the two compounds are given simul- 
taneously, however, within the dosage range used, 
an increase in survival time of 273 per cent was 
obtained in DBA mice and 325 per cent in BDF; 
mice. Thirteen mice (23 per cent) survived 90 days 
or longer free of leukemia in the series receiving 
antimetabolites simultaneously, but none out of 
114 mice receiving the same dosage of the two 
compounds, given singly, survived. Of the seven- 
teen 90-day survivors, one died without leukemia 
at 141 days of age, and the remaining twelve were 
reinoculated at 90-150 days. All were found to be 
susceptible to leukemic cells of L 1210 and died 
from generalized leukemia at 8-10 days following 
inoculation. A somewhat greater loss in weight oc- 
curred in these animals receiving both antimetabo- 
lites simultaneously and six mice (4 per cent) died 
of toxic symptoms at 9-12 days without evidence, 
grossly, of leukemia. 

90-Day survivors.—Thirty-five out of 320 (11 
per cent) DBA/2 and BDF; leukemic mice given 
combinations of A-methopterin and 8-azaguanine, 
or these two compounds plus either alpha-peltatin 


or TEM, simultaneously, survived beyond 90 
days. In contrast, only one in 418 leukemic mice 
given these antileukemic compounds either singly 
or singly in combination (Series 3) survived to 90 
days (Experiment 2, Table 1). None of 186 un- 
treated leukemic mice survived beyond sixteen days. 
In addition, many mice in the combination group 
died of leukemia up to the 90-day period (see leg- 
end, Chart 1). 

Twenty-four 90-day survivors (90-180 days) 
were reinoculated intraperitoneally with standard 
doses of L 1210 leukemic cells. All 24 were found 
to be susceptible to reinoculation and died from 
generalized leukemia at 8-11 days; four died 
without evidence of leukemia at 90, 107, 140, and 
141 days, respectively; three were sacrificed for 
histologic examination at 90 days; two died, leu- 
kemic, at 96 and 104 days, and two appeared with- 
out leukemic symptoms at 90 days. No evidence 
of leukemia was found in the mice sacrificed for 
histologic studies.* 


DISCUSSION 


The present set of experiments was undertaken 
in an attempt to control or suppress the selection 
of resistant and dependent leukemic cells which 
arise, invariably, when large populations of these 
cells are exposed to certain inhibitory agents. The 
two most effective compounds, A-methopterin and 
8-azaguanine, are known to act as selective agents 
in the isolation of resistant and dependent variant 
leukemic cells in the acute lymphocytic leukemia 
L 1210 employed in these studies. The compounds 
also are known to act independently of each other. 

Striking prolongation of survival time in leu- 
kemic mice given various dosage levels of A-me- 
thopterin and 8-azaguanine simultaneously were 
obtained. Potentiation of antileukemic effect is 
evident in those experiments where the compounds 
were administered for a period of time and then 
stopped. Alpha-peltatin and TEM, given in con- 
junction with the two antimetabolites, did not ap- 
preciably enhance this potentiation, probably be- 
cause of added systemic toxicity. 

The obvious mechanism of action of the combi- 
nation utilized is the selective destruction of sen- 
sitive leukemic cells and the suppression of doubly 
resistant mutants. Animals which become leu- 
kemic beyond the 45-day period (see legend, 
Chart 1) in all probability represent animals in 
which sensitive cells were not completely de- 
stroyed or in which doubly resistant mutant leu- 
kemic cells arose. Since prolonged administration 


3 Dr. Thelma B. Dunn, Laboratory of Pathology, has kindly 
done the histologic study of these tissues. 
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of A-methopterin and 8-azaguanine was attempted 
to only a limited degree, because of host toxicity, 
it is impossible to distinguish the two possibilities. 
Animals which survived 90 days or beyond in all 
probability represent cases in which all, or most, 
sensitive leukemic cells were killed and doubly 
resistant forms completely suppressed. 

Numerous reports in the literature have dis- 


STRAIN 
EXPERIMENT* OF MICE 
13. Control DBA/2 
Am-8 Ag 
8 Ag-Am 
Am-+8 Ag (Simult.) 
14. Control DBA/2 
Am-8 Ag 
8 Ag—-Am 
Am-++8 Ag (Simult.) 
15. Control DBA/2 
Am-8 Ag 
8 Ag-Am 
Am-++8 Ag (Simult.) 
1) Control DBA/2 
2) Am-8 Ag) 
Totals and 
8 Ag—-Am 
3) Am+8 Ag 
(Simult.) 
16. Control BDF, 
Am-8 Ag ‘a 
8 Ag-Am 
Am-+8 Ag (Simult.) 
17. Control BDF, 
Am-8 Ag 
8 Ag—Am 
Am-+8 Ag (Simult.) 
18. Control BDF, 
Am-8 Ag 
8 Ag-Am 
Am-+8 Ag (Simult.) 
1) Control BDF, 
2) Am-8 Ag 
Totals and 
8 Ag—-Am 
8) Am+8 Ag 
(Simult.) 


BEARING ACUTE LYMPHOCYTIC LEUKEMIA L 1210 


No. 
MICE 


10 
10 


120 


closed survival of treated leukemic mice (acute 
lymphocytic leukemia or lymphosarcoma) beyond 
60 or 90 days. Some such survivors were also 
found among untreated control leukemic mice. 
These, in all probability, represent a condition of 
immunologic response on the part of the host re- 
sulting from genetic differences between host and 
tumor. They are usually characteristic of tumors 


TABLE 3 


EFFECT OF A-METHOPTERIN AND 8-AZAGUANINE GIVEN IN COMBINATION, EITHER 
SINGLY OR SIMULTANEOUSLY, ON SURVIVAL TIME OF TEST MICE 


DosaGE (MG/KG) 


Am 8 Ag 
None 
3X5 75X9 
3X5 75X9 
3X5 75X9 
None 
3X4 75X8 
3X4 75X8 
3X4 75X8 
None 
3X4 75X8 
3X4 75X8 
3X4 75X8 
(See above) 
None 
3X5 75X9 
3X5 75X9 
3X5 75X9 
None 
3X4 75X8 
3X4 75X<8 
3X4 75X8 
None 
3X4 75X8 
3X4 75X8 
3X4 75X8 
(See above) 


SURVIVAL TIME 
IN DAYS 
(range) 

8.1 (8-9) 

17.0 (12-22) 

18.6 (18-19) 

36.5 (20-90) 


7.6 (7-9) 
9.2 (18-20) 


7.9+0.01 


29.5+4.0 


10.6 (9-12) 
22.2 (19-25) 
20.5 (16-30) 
36.7 (20-90) 


10.5 (9-14) 
25.0 (21-34) 


17.4 (13-20) 
41.0 (22-90) 


10.26+0.23 
20.78+0.63 
43.8 +5.6 


PERCENTAGE 
INCREASE IN 
SURVIVAL 


112.5 
129.6 
350.0 


152.7 
164.5 
273 .6 


146.9 
98.7 
217.3 


134.2 
273 .4 


106.2 
102.1 
440 .2 


109.4 
94.2 
246 .2 


142.8 
70.0 
290.5 


101.9 
324.8 


Wr. 
CHANGES f REMARKS 
+1.0 gm 
—1.7 gm 
—0.4 gm 
—1.2gm 290-day survivors} 
+2.2 gm 
+0.6 gm 
+0.1 gm 
—0.4gm 190-day survivor§ 
+2.6 gm 
+0.2 gm 
+0.2 gm 
—0.7 gm 2 died at 9 days 
2 90-day survivors# 


Diff. (1) and (3) =21.6+4.0 
P<0.001 


Diff. (2) and (3) =11.0+4.1 
P<0.01 


4 90-day survi- 
vors|| 


© Or Or 09 Crew 


2 90-day survi- 
vors** 


i+ 


BESS Bess 


4 died with toxic 
symptoms at Il 
and 12 days; 2 90- 
day survivorsff 


Diff. (1) and (3) =33.5+5.6 
P<0.001 


Diff. (2) and (3) =23.02+5.7 
P<0.001 


* Am-8 Ag =A-methopterin given first every other day beginning at 48 hrs., followed by series of injections of 8-azaguanine given daily; 8 Ag—Am =8-Aza- 
guanine series of injections given first, beginning at 24 hours followed by A-methopterin; Am+8 Ag (Simult.) =Injections of both compounds given simul- 
taneously, 8-azaguanine daily beginning at 24 hrs., A-methopterin every other day beginning at 48 hours. No injections given after the 18th post-inoculation day. 


t Weight changes at 7 days following inoculation of leukemic cells. 
t Reinoculated L 1210 at 90 days; 1 dead 8 days, 1 dead 10 days; both leukemic. 
§ Reinoculated at 105 days with leukemia L 1210. Dead, leukemic, at 8 days. 


# Both alive at 90 days. No evidence of leukemia. 


|| All 4 90-day survivors reinoculated at 90 days. All dead, leukemic, at 10 days. 
** Both reinoculated at 150 days with leukemia L 1210. Both dead, leukemic, at 8 days. 
tt One animal died without leukemia at 141 days. Other, inoculated at 150 days with L 1210. Dead, leukemic, at 8 days. 
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transplanted into sublines of inbred mice different 
from that of the origin of tumor, or characteristic 
of tumors which have been carried in transplant 
for many years, thus allowing genetic mutations 
to occur in the strain of mice or in the tumor. This 
is probably the explanation for the peculiar im- 
munologie response of lymphosarcoma 6 C3H-ED 
to colchicine (1) and to riboflavin deficiency (21). 
Complete regression of established implants of this 
tumor in C3H strain mice occurred. Reimplanta- 


another agent, acting independently. Doubly 
resistant mutants, on the other hand, have a negli- 
gible probability of arising in the presence of effec- 
tive concentration of the chemotherapeutic agents. 
Whether or not this is the explanation for the 
striking prolongation of survival time in the pres- 
ent experiments remains to be determined. 
Shapiro and Gellhorn (18) observed enhanced 
inhibition of growth of a mammary carcinoma in 
C57BL mice when pteroylglutamic acid, its 7- 


40 
35 
30 


Controls 


| ' 


8 Azaguanine 


NUMBER OF ANIMALS 
oO 


A-Methopterin 


Combinations 


\ 


60 70 80 


SURVIVAL TIME IN DAYS 


CuHart 1.—Distribution of leukemic deaths in DBA/2 
and BDF, mice. Chart includes only those mice given intra- 
peritoneal inoculations of a standard dose (8 X 105 cells) of 
leukemia L-1210. Combination group includes only those mice 


tion, after 60 days or longer, resulted in complete 
failure of growth of the specific 6 C3H-ED 
lymphosarcomatous cells. All of the DBA/2 or 
BDF, mice in this study which survived the com- 
bination treatment, 90 days or longer, and which 
were reinoculated with the standard dose of L 1210 
leukemia, succumbed to a generalized leukemia 
within the expected time. 

The data in Series 3 provide a clear rationale 
for the use of two or more chemotherapeutic 
agents acting independently. Theoretically, double 
mutants to resistance should be obtained easily 
by selection, first with one agent and then with 


given antileukemic compounds simultaneously. 

Deaths from systemic drug toxicity are not included in the 
combination group. See text for a discussion of 90-day sur- 
vivors. 


methyl analog, a weak folic antagonist, or vita- 
min Bye was given in conjunction with 8-azagua- 
nine. The explanation given for the folic acid effect 
was that one of its degradation products inhibited 
a liver enzyme system which deaminates 8-aza- 
guanine, the resulting 8-azaxanthine being inac- 
tive as a carcinostatic agent. This appears not to 
be an explanation for the enhanced inhibition 
noted here. Enhancement of inhibition was not 
noted in our experiments‘ when the time relations 
were changed so that A-methopterin (or synthétic 
folic acid) was given prior to the 8-azaguanine. 
41. W. Law and P. J. Boyle, unpublished observations. 
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The chemotherapeutic approach presented here, 
based upon our knowledge of the genetics of re- 
sistance and dependence phenomena, appears to 
offer encouragement. It is expected that more 
satisfactory results will appear upon development 
of optimal dosage schedules and discovery of more 
effective antileukemic agents. It is quite obvious, 
however, that severe limitations are encountered 
in any plan of therapy for neoplastic diseases. 


SUMMARY 


An approach to the problem of chemotherapy of 
experimental leukemia, based upon knowledge of 
the mechanism of resistance, is presented. 

The effects of several antileukemic compounds 
on survival time of mice bearing the acute lympho- 
cytic leukemia, L 1210, have been studied. Strik- 
ing potentiating effects were found in leukemic 
mice given A-methopterin and 8-azaguanine simul- 
taneously. Alpha-peltatin and triethylene mela- 
mine did not significantly influence the effects of 
the two antimetabolites. 

A-methopterin and 8-azaguanine given simul- 
taneously in combination were more effective than 
the two compounds given singly in combination. 

Thirty-five out of 320 mice given combinations 
of antileukemic compounds simultaneously sur- 
vived 90 days or longer. These mice were ap- 
parently nonleukemic, and all those reinoculated 
with leukemic cells proved to be susceptible. 
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Nicotinamide Content of Some Normal and Malignant 
Tissues; The Apparent Absence of Niacin 
in Epidermis™ 


C. CARRUTHERS AND V. SUNTZEFF 


(Wernse Laboratory of Cancer Research, Washington University, School of Medicine, St. Louis 10, Mo.) 


In previous investigations by this laboratory it 


was shown that a polarographically reducible sub- © 


stance, characteristic of the epidermis of mouse 
and man, was altered chemically or lost when this 
tissue became malignant (2). Changes of a similar 
nature were postulated for the malignant transfor- 
mation of muscle and liver cells of mice. The re- 
sults given in this report indicate in greater detail 
the nature of these chemical changes in carcino- 
genesis. 


MATERIALS AND METHODS 


Mouse and human epidermis (the latter was ob- 
tained from amputated extremities after opera- 
tion) was removed from the dermis at 50° C. ac- 
cording to the method of Baumberger, Suntzeff, 
and Cowdry (1). Mouse liver and skeletal muscle 
and horse cardiac and skeletal muscle were also 
used for the normal tissues. The following trans- 
plantable tumors were employed: squamous-cell 
carcinomas of different degrees of differentiation, 
hepatoma,! rhabdomyosarcoma,’ and Sarcoma 37. 
Samples of normal and malignant tissue were re- 
moved quickly from the animals and were placed 
immediately into various solvents and then ex- 
tracted. Cardiac and skeletal muscle of the horse 
was obtained fresh at the slaughter house, immedi- 
ately frozen with dry ice, and then stored at 
—20° C. until ready for use. The polarographically 
reducible and ultraviolet absorbing materials were 
extracted and purified as previously described (3) 
or were extracted with acetone. 

Polarography was carried out in mixtures of 


* This investigation was aided by grants from the Charles 
F. Kettering Foundation and the Damon Runyon Memorial 
Fund. 


1 The original tumor was obtained from Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Me. 


2 The original tumor was obtained from Dr. E. U. Green, 
Institute for Cancer Research, Fox Chase, Philadelphia. 


Received for publication July 15, 1952. 


purified dioxane (9) (50 per cent by volume) and 
sodium citrate-citric acid buffers (50 per cent by 
volume) with tetrabutylammonium iodide (0.1 m) 
as the supporting electrolyte (3). More recently, 
0.1 m sodium borate has also been employed as the 
supporting electrolyte (15, 16). A Model DU 
Beckmann spectrophotometer was used for mak- 
ing the absorption curves. Whatman’s No. 1 filter 
paper (sheets 18} X 223 inches) was used for the 
paper partition chromatography. The purified re- 
ducible materials, obtained as described above, 
were dissolved in 2 ml. of alcohol or water and 
spread along a 12—24-cm. line about 8 cm. from the 
bottom of the paper. Chromatography was carried 
out in large glass jars (ascending) or in closed 
boxes (descending), both of which were saturated 
with the particular solvent employed. n-Butanol 
saturated with water was the most commonly em- 
ployed solvent. The ultraviolet (UV) absorbing 
materials on the papers were traced by means of a 
UV lamp and the R, values calculated. The UV 
absorbing bands were then cut out from the large 
sheets, eluted with distilled water, and dried at 
60° C. in a vacuum oven. The material thus ob- 
tained from each UV absorbing band was used for 
spectrophotometry, polarography, or for the isola- 
tion of a particular substance. 


RESULTS 


Previous studies have shown that the polaro- 
graphically reducible substance present in normal 
and methylcholanthrene-treated epidermis dif- 
fered from that present in methylcholanthrene- 
induced and transplantable squamous-cell car- 
cinomas. These differences were in the half-wave 
potentials, specific absorption in the ultra-violet, 
and in the counter-current distribution patterns in 
a n-butanol-water system (2). The results on the 
reducible material from mouse and human epi- 
dermis and from squamous-cell carcinomas follow- 
ing paper chromatography with n-butanol satu- 
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rated with water as a solvent are shown in Table 1. 
They are the average of a number of analyses for 
each tissue. The material from epidermis has only 
one reducible and UV absorbing band with a R, 
value signally different from the reducible material 
of the other tissues. On the other hand, the mate- 
rial from squamous-cell carcinomas has four UV 
absorbing bands. The top band (R, value 0.58) is 
reducible with half-wave potential, absorption 
maximum, R; value and €¢/ig value significantly 
different from that of the material of epidermis. 


which are nearly the same as those of the four tu- 
mors and heart. The substances absorbing at 260 
my did not show pronounced shifts in their maxi- 
ma with changes in pH (7). 

The nature of the reducible and UV absorbing ma- 
terial in muscle.—About 400 gm. of horse skeletal 
muscle were extracted with the alcohol-ether mix- 
ture, as described above, and the purified material 
chromatographed on fifteen sheets of paper The 
UV absorbing bands (R, value of about 0.6) were 
eluted separately with water, the aqueous solu- 


TABLE 1 


REDUCIBLE AND ULTRAVIOLET ABSORBING MATERIALS FROM TISSUES EXTRACTED 
WITH ALCOHOL AND ETHER FOLLOWING PAPER CHROMATOGRAPHY 
WITH BUTANOL AS A SOLVENT 


No. 

Tissue bands Rr 
Epidermis 1 0.30 
Squamous-cell 4 (a)0.09 

carcinomas, (b)0.15 
hepatoma, and (c)0.30 
Sarcoma 37 (d)0.58 
Muscle Q (a)0.16 
(b)0.57 

Rhabdomyosarcoma 4 (a)0.09 
(b)0.21 

(c)0.36 

(d)0.66 

Liver 4 (a)0.09 
(b)0.19 

(c)0.40 

(d)0.65 

Heart 4 (a)0.10 
(b)0.16 

(c)0.44 

(d)O.74 


E Total ab- 


maximum vs.S.C.E. sorption 
(my) pH 5.1-5.2 Diffusion 
pH 7.0 (v.) current 


275 —1.45 8.0 
249 
260 
260 
260 
235 
260 
249 
260 
260 
261, 350 
251 
260 
260 
260 
246 
236 
261 
261 


Absorption 
e(pH 1.5) + 


iq(pH 5.2) 


—1.34 4.4 


4.9 


—1.33 4.1 


—1.33 5.0 


—1.34 3.8 


* Half-wave potential versus the saturated calomel] electrode (S.C.E.). 
t Extinction at pH 1.5 divided by the diffusion current, ig at pH 5.2. 


That these two reducible compounds are related 
has been indicated (2). The material from muscle 
is different from that of epidermis, whereas the 
material from the rhabdomyosarcoma has UV ab- 
sorbing bands similar to those of the squamous- 
cell carcinomas but without a substance absorbing 
at 235 my. However, about one-half of these tu- 
mors have given a substance which also absorbs at 
350 my and which always appears on the paper 
with an R, value the same as that of the reducible 
substance. Insufficient amounts have been ob- 
tained to test its migration with other solvents, but 
its solubility in ether, water, and alcohol is about 
the same as that of the reducible substance. The 
UV absorbing material from cardiac muscle is dif- 
ferent from that of skeletal muscle and epidermis, 
in that four UV absorbing bands were present. 
Finally, the material from liver and hepatoma also 
has four UV absorbing bands, the R, values of 


tions combined and dried in vacuo at 60° C. The 
reducible material was soluble in alcohol and water 
and appreciably soluble in ether. Solubility in the 
latter solvent was used for crystallization of the 
substance in the following manner: The combined 
material was extracted 3 times with 10—12-ml. por- 
tions of ether, and filtered into a 50-ml. beaker. 
The ether solution was concentrated to a volume 
of 8-10 ml. and then poured into a 15-ml. cen- 
trifuge tube. The solution was then concentrated 
by warming it carefully in a beaker of warm water 
to a volume of about 4 ml., at which concentration 
white needles came out of solution. The yield was 
increased by inserting the centrifuge tube into an 
ice bath. The crystals were then packed by cen- 
trifuging at 0° C., washed with a small amount of 
ether, centrifuged again, and then dried at room 
temperature. This crystalline material from horse 
muscle was identified as nicotinamide by the com- 
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bined technics of x-ray diffraction, electrometric 
titration, and infrared spectrophotometry.® 

The UV absorbing material obtained from car- 
diac and skeletal muscle of R, value of about 0.16 
which absorbs maximally at 235 my at pH 7.0, was 
shown to be creatinine by these characteristics. 

Nature of the reducible materials from the other 
normal tissues (except epidermis) and from the tu- 
mors.—The data in Table 1 indicate that the re- 
ducible substance (R, value of about 0.6) from 
liver, heart, and the tumors 1s nicotinamide. How- 
ever, since nicotinic acid and N!-methylnicotina- 
mide have similar half-wave potentials, absorption 
maxima and e(pH 1.6)/ia ratios (Table 3), it is 
necessary to rule out these two compounds. The R, 
values of these pyridine compounds are signifi- 
cantly different from that of nicotinamide with 
butanol as a solvent (see also [12]). Furthermore, 
the crystalline material obtained from liver and 
Sarcoma 37, as described above for muscle, gave 
melting points to within 3—4 degrees of that of 
nicotinamide. 

Further proof that nicotinamide and not nico- 
tinic acid or N!-methylnicotinamide was present 
in the tumors and in liver and heart was obtained 
by a comparison of the diffusion current ratio in 
0.1 m sodium borate and in the dioxane-citrate 
buffer solution of pH 5.1 to 5.2. These results are 
shown in Table 2. Nicotinic acid (0.2 and 0.3 


TABLE 2 


RATIO OF DIFFUSION CURRENT, ig, OF SEVERAL PYRIDINE 
COMPOUNDS IN 0.1 M SODIUM BORATE AND IN A DI- 
OXANE CITRATE BUFFER SOLUTION OF pH 5.1 TO 5.2 


a b 
ig in ig in 
0.1 M dioxane 
sodium citrate 
borate buffer a 
Compound mg/2ml (uamp.) (yamp.) b 
Nicotinic acid 0.2 1.22 2.00 0.61 
0.3 2.00 2.94 0.68 
N!-methyl nicotinamide 0.2 2.28 1.95 1.17 
0.3 3.24 2.88 1.12 
Nicotinamide 0.2 5.40 2.06 2.67 
0.3 8.52 3.24 2.63 


mg/2 ml) has a higher diffusion current in the 
dioxane-citrate buffer than in the sodium borate 
solution; the ratio is 0.65. N'-methylnicotinamide 
at the same concentration has a slightly greater 
diffusion current in the sodium borate solution; the 
ratio is 1.15. However, the diffusion current for 
nicotinamide (at 0.2 and 0.3 mg/2 ml) is 2.6 times 
greater in sodium borate than it is in the dioxane- 
citrate buffer. Ratios of this order of magnitude 

3 Authors are deeply indebted to the Physiocochemical Re- 


search Division of the Eli Lilly Research Laboratories for these 
data. 


were obtained from the purified material (prior to 
paper chromatography) from liver and the four 
tumors. This fact also indicated that the reducible 
compound in these tissues was nicotinamide. 
Finally, the nature of the current-voltage 
curves obtained from the purified material (prior 
to paper chromatography) from liver, heart, and 
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CuartT 1.—Polarogram of nicotinamide (0.25 mg/ml) in 
0.1 m sodium borate. 


the tumors in 0.1 Mm sodium borate was the same as 
that of nicotinamide. Such a current-voltage curve 
is shown in Chart 1, and the characteristic double 
wave of nicotinamide is quite apparent. This 
double wave probably represents the reduction of 
this compound to dihydronicotinamide (14). On 
the other hand, nicotinic acid and N!-methyl- 
nicotinamide give only a single wave following 
electrolysis in 0.1 m sodium borate. 

Polarography of some other pyridine compounds 
an dioxane-citrate buffer solutions.—Since the po- 
larographic method is suitable for the quantitative 
determination of nicotinamide, the half-wave po- 
tentials of some other pyridine compounds of bio- 
logical importance were determined. The data are 
shown in Table 3. The effects of substituents on 
the pyridine ring on the half-wave potentials of 
these reducible compounds offer analytical advan- 
tages. 
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Calibration curves for nicotinamide, nicotinic 
acid, and N!-methylnicotinamide are shown in 
Chart 2. The diffusion currents plotted against the 
concentrations of these compounds gave straight 
lines. The polarographic method is ideally suited 
for the quantitative determination of these and 
probably other pyridine compounds, since small 
volumes can be used for electrolysis. 


same procedure as that which was used for nico- 
tinamide. A single UV absorbing band obtained 
from paper, with lutidine as a solvent, was eluted 
with water and concentrated in vacuo at 60°C, 
until several ml. of water remained. Upon further 
evaporation at 0 to 4° C., erystals of the polaro- 
graphically reducible substance appeared. These 
were washed with cold water and then dried over- 


TABLE 3 


HALF-WAVE POTENTIALS OF SOME PYRIDINE COMPOUNDS IN 
DIOXANE-CITRATE BUFFER SOLUTIONS 


E 3 vs. S.C.E.* 
pH 5.1 pH 6.6 
Name of compound (v.) 

Nicotinic acid —1.34 
Nicotinamide —1.32 
N!-Methylnicotinamide{ —1.35 
Pyridoxamine-HCl —1.41 —1.54 
Pyridoxal-HCl —1.68 
Pyridoxine-HC]l —1.58 


ig/C Absorption maximum 
(uamp/ pH 7.0 pH 1.5 em tat 
mm /1) (mz) ia(pH 5.2) 
2.26 263 261 4.97 
2.52 262 261 4.97 
2.67 261.5 262 5.01 
3.45 219 251 326 293 
5.10 220 253 316 289 
4.28 221 253 325 291 


* Half-wave potential versus the saturated calomel electrode (S.C.E.). 
t Extinction at pH 1.5 divided by the diffusion current, ig at pH 5.2. 


t Generously supplied by the Eli Lilly Research Laboratories. 


ONICOTINAMIDE 
- AN'-METHYL NICOTINAMIDE 7 


ONICOTINIG ACID 


. 

y/ 


MG /2ML 
0.)3 


0,4 0.5 


CuHartT 2.—Calibration curves for nicotinic acid, N!}! 


night in a vacuum desiccator. These crystals had 
the half-wave potential, absorption maximum, and 
é/ia ratio as indicated in Table 1 for epidermis. 
The substance melted at 231°-232° with decom- 
position and had pKa values of 4.0 and 6.04.3 This 
crystalline material was treated with 6 N HCl at 
105° C. for 24 hours, dried over NaOH until acid- 
free, and then chromatographed in two dimensions 
with phenol and lutidine (5). This procedure failed 
to reveal the presence of ninhydrin reactive sub- 
stances. 

The half-wave potential of the reducible sub- 
stance from epidermis is in the range of the half- 
wave potentials of pyridoxamine, pyridoxine, and 
pyridoxal, but its absorption spectrum is quite dif- 
ferent (Table 3). Pyridoxic acid and its lactone are 
also closely related to pyridoxal, but their proper- 
ties are different from those of the substance from 
epidermis. For example, pyridoxic acid is slightly 
soluble in water and alcohol and insoluble in ether, 
and it gives the cyanogen bromide test for the 
pyridine ring (8). Furthermore, pyridoxic acid 
lactone absorbs maximally near 360 my with a 
shoulder at 250 my at pH 7.16 (13). Also, at this 
pH, pyridoxic acid absorbs maximally at about 
310 my (13). In contrast, the substance from epi- 
dermis absorbs maximally at 275 my at pH 7.90. 
Moreover, the compound characteristic of epider- 


methylnicotinamide, and nicotinamide in dioxane and sudium 
citrate-citric acid buffer solution with tetrabutylammonium 
iodide. The pH of this solution was 5.1 to 5.2. 


mis is very soluble in water and alcohol and rela- 
tively soluble in ether. Furthermore, the sub- 
stance from epidermis does not give the cyanogen 
bromide test for the pyridine ring so that the 
pyridine nitrogen, if present, does not exist in ter- 
tiary form or a substituent in position 2 is present. 


The nature of the reducible material from mouse 
and human epidermis.—The reducible material 
from epidermis can be purified from paper by the 
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Also, pyridoxic acid fluoresces blue under ultra- 
violet light (8), a property not shared by the sub- 
stance from epidermis. 

In the transformation of epidermis to squa- 
mous-cell carcinomas by methylcholanthrene, this 


TABLE 4 


POLAROGRAPHIC AND ABSORPTION CHARACTERISTICS OF 
THE REDUCIBLE SUBSTANCE OF EPIDERMIS 
AND PAPILLOMAS OF MICE 


or transplantable), there is an abrupt change in the 
properties of the reducible compound to that of 
nicotinamide. | 
The influence of different solvents on the extraction 
of nicotinamide.—The effect of various solvents on 
the amount of nicotinamide extracted from several 
normal tissues and tumors is shown in Table 5. 
The amount of this substance extracted from liver 
with acetone was increased considerably over that 
obtained with alcohol and ether. Heat was not 


Es Absorption necessary for the extraction of this substance, since 

vs. S.C.E. maximum . ° 
pH 5.1 pe considerable amounts were obtained from muscle 
Tissue (v.) pH7.0 pH1.5 and liver by homogenization with acetone, fol- 
Epidermis —1.45 275 267. lowed by solvent removal at room temperature. 
The rapidity of the removal of liver and muscle 
(Nicotinamide) from the animals directly into the acetone or the 
* Half-wave potential. alecohol-ether mixture did not appreciably influ- 

TABLE 5 


THE INFLUENCE OF DIFFERENT SOLVENTS ON THE AMOUNT OF NICOTINA- 
MIDE EXTRACTED FROM VARIOUS TISSUES 


Tissue Solvent 

Mouse liver alc.-ether 

“ “ “ 

acetone 

“ “ “ 
Mouse muscle ale.-ether 

“ “ “ “ 

acetone 

“ “ “ 


Sarcoma 37 ale.-ether 
“ “ “ “ 


alc.-acetone 
acetone 
“ “ “ 
Squamous-cell carcinomas alc.-ether 
“ “ 
acetone 
Rhabdomyosarcoma alc.-ether 
acetone 
Hepatoma alc.-ether 
“ “ “ 
acetone 


* Extracted in absence of Oc. 


Nicotinamide 


No. (mg/100 gm fresh tissue) 
samples (Mean) (Av.) 
2 2.1-2.3 2.2* 
2 4.9 -— 6.0 5.5 
g 8.7 -10.0 9.4 
1 7 .92T 
1 1.3* 
$ 1.8 -— 2.2 2.0 
4 3.2 — 4.4 3.8 
l 3.2T 
2 0.8 0.9 0.85* 
7 1.1 - 2.0 1.73 
1 1.73 
1 1.57 
3 1.7 -— 3.9t 2.9 
4 1.5 - 2.7 1.95 
1 0.55* 
1 1.57 
5 1.34- 1.8 1.52 
1 2.15 
1 0.70* 
1 1.45 


t Homogenized and extracted at room temperature. 
t Contained one sample of very small tumors having a high niacin content. 


substance, as such, either disappears or is altered 
to nicotinamide. In papillomas of mouse skin, the 
polarographic and UV absorbing properties of the 
reducible substance of epidermis are altered in 
such a way that they lie between those of the latter 
and nicotinamide (Table 4). The data for the 
papillomas are the average of three samples, two 
of which were purified on paper with butanol, and 
indicate that the reducible compound of epidermis 
has been slightly altered. Nicotinamide was not 
detectable on the paper chromatograms. In highly 
differentiated squamous-cell carcinomas (induced 


ence the amount of nicotinamide extracted. The 
tumors contained less of this substance than did 
liver and muscle. 


DISCUSSION 

In our studies on polarographically reducible 
substances, we recently postulated that they were 
characteristic for epidermis, muscle, and liver, and, 
furthermore, that cleavage of these substances oc- 
curred in tumors derived from these tissues (2). 
The evidence presented in this paper indicates 
that this is not the case. Only epidermis of the tis- 
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sues examined has a characteristic reducible sub- 
stance, which appears to contain a pyridine ring. 

Nicotinamide has not been found in epidermis 
following its extraction with mixtures of alcohol 
and ether of various compositions, or with acetone 
or ether alone. Furthermore, this substance has 
not been found polarographically in epidermis ex- 
tracted according to the procedure of Chaudhuri 
and Kodicek (4) which determines the total nico- 
tinamide content. Also, treatment of epidermis 
with 0.1 N H,SO, on a steam bath for 3 hr., fol- 
lowed by neutralization and extraction with alco- 
hol and ether, failed to reveal the presence of 
nicotinamide; the latter was easily detected in 
small amounts of liver treated in the same manner. 
Finally, hydrolysis of a HPO; extract of epidermis 
with 0.1 N H:SO, failed to yield a detectable 
amount of this substance. These data, together 
with the fact that nicotinamide has never been 
found with the polarograph or paper chromatogra- 
phy in many large samples of this tissue extracted 
in the usual manner, suggest that this substance is 
either absent, or present in very minute amounts. 
The lack or near absence of nicotinamide in epi- 
dermis is most unusual, since in pellagra the skin 
is primarily affected ({11], pp. 246). 

Since tumors generally have the same enzymat- 
ic systems as normal tissues (6), the alteration or 
loss of the reducible substance characteristic of 
epidermis, a very highly specialized tissue, to that 
of nicotinamide in skin carcinomas might thus be 
explained. At the present time, our original thesis 
on a qualitative chemical change in the transfor- 
mation of epidermis te squamous-cell carcinoma 
appears still to hold, for reasons listed above, and 
particularly because nicotinamide has not been 
found in the former tissue. However, there is no 
evidence of cleavage of the epidermal compound to 
smaller components in the carcinomas, as pre- 
viously postulated (2). This theory was the natural 
consequence of the fact that epidermis contained 
only one reducible and UV absorbing substance, 
while squamous-cell carcinomas contained the 
latter as nicotinamide and three other UV absorb- 
ing materials. 

Nicotinamide and creatinine have been ex- 
tracted from muscle with alcohol and ether mix- 
tures. Creatinine has not been found in the trans- 
planted rhabdomyosarcoma; nor would it be ex- 
pected to be present in the unorganized structure 
of this tumor, which has few, if any, characteristics 
of skeletal muscle (10). In the rhabdomyosarcoma 
the materials extractable with alcohol and ether 
are the same as those extracted from the other tu- 
mors, with the exception that in about one-half of 


the former the reducible compound appears to be 
associated with a substance which absorbs at 
350 mu. The nature of the reducible and UV ab- 
sorbing materials extractable from liver and 


hepatoma with alcohol and ether appears to be 
similar. 


SUMMARY 


1. Evidence is presented which shows that a 
polarographically reducible substance character- 
istic of epidermis is structurally altered or lost in 
the malignant transformation of this tissue by 
methylcholanthrene. Nicotinamide and at least 
three other UV absorbing materials are present in 
alcohol-ether extracts of squamous-cell carcinomas 
derived from this tissue. Epidermis shows only one 
UV absorbing substance which is also reducible, 
but nicotinamide has not been found in this tissue. 

2. Nicotinamide and creatinine were extracted 
from mouse and horse muscle with an alcohol- 
ether mixture. In a transplantable rhabdomyo- 
sarcoma the latter compound was absent, and in 
about half of these samples the reducible com- 
pound absorbed at 260 and 350 my. Whether this 
yellow material is one or more compounds requires 
further study. This tumor also had at least three 
other UV absorbing materials very similar to those 
of the squamous-cell carcinomas. 

3. Mouse liver and a transplantable hepatoma 
contained nicotinamide and at least three other 
UV absorbing materials of similar characteristics. 

4. A polarographic method for the determina- 
tion of nicotinamide and possibly other pyridine 
compounds was briefly discussed. 
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The Inactivation im Vitro of ‘Transplantable Myeloid and 
Lymphoid Mouse Leukemic Cells by Antibodies 
Produced in a Foreign Host Species” 


A. A. Werver,f A. Kirscupaum,{ E. C. MacDoweELt,§ J. T. SyveRTONt 


(Department of Bacteriology and Immunology, and the Department of Anatomy, University of Minnesota, Minneapolis, 
Minn.; and the Department of Genetics, Carnegie Institution of Washington, Cold Spring Harbor, N.Y.) 


Natural susceptibility and innate resistance to 
the development of spontaneous, induced, or 
transplantable neoplasms are ascribed to differ- 
ences in genetic constitution (4, 7, 14, 16).1 The 
extent to which specific immunogenic processes 
participate is little understood. The evidence that 
malignant and normal cells differ in genic com- 
position (5, 9, 10) makes it probable that the anti- 
genic components of these cells likewise should dif- 
fer. Indeed, it has been shown for mouse leukemia 
that the injection of leukemic cells results for mice 
of the same inbred strain in a state of immunity 
(11) and for animals of heterologous species in the 
production of antibodies (2, 12, 16). More recently, 
a variety of immunologic studies has been con- 
cerned with malignant cells and their components 
(1-3). It was with the recognition that immuno- 
logic technics make possible more precise informa- 
tion than the application of histopathological and 
chemical methods that the present investigation 
was undertaken to demonstrate antigenic differ- 
ences in the constituents of normal and leukemic 
cells. It is the purpose of this paper to record the 
results of experimental studies which show (a) the 
ability of specific preformed antibodies derived 
from the rabbit to neutralize the leukemogenic ef- 
fect of leukemic cells on transfer to susceptible in- 
bred mice of known genetic constitution and (b) 
differences in the antigenic components of leu- 
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1 For reviews of this complex interrelationship, the reader 
is referred to references 4, 7, 14, 16. 


Received for publication July 18, 1952. 


kemic and normal cells from the same: strain of 
host. 


MATERIALS AND METHODS 


Leukemic cells.—Leukemic cells, line 15, mye- 
loid type, and line I,, lymphoid type, were em- 
ployed. Line 15 originated spontaneously in strain 
F inbred mice in Kirschbaum’s laboratory, and 
line I, also had its origin spontaneously in the in- 
bred strain C58 in MacDowell’s laboratory. Each 
line has been maintained by serial transmission 
through many generations. For control purposes, 
nonleukemic homologous splenic tissues from each 
of these mouse strains were employed. 

Animal hosts.—Line I, leukemic cells were 
maintained and tested for viability by injection 
into C58 inbred mice. These mice were either ob- 
tained from Dr. MacDowell or reared in this labo- 
ratory. Line 15 leukemic cells were maintained and 
tested for viability by injection into F; hybrid 
mice which had been derived from the cross of an 
inbred F male with a female of either the CBA or 
BALB strain. 

Young adult rabbits, mixed sexes, of New Zea- 
land white or pure-bred Dutch strain were em- 
ployed to produce antileukemic and normal splenic 
antisera. 

Preparation of tissue cell suspensions.—Splenic tissue was 
utilized for transplantation. A whole spleen was minced with 
scissors, suspended in 2.3 ml. of 0.85 per cent NaCl and 
filtered through four layers of Brunswick gauze to remove 
large clumps of cells. The suspension of cells was counted 
with the aid of a Levy-Hausser counting chamber to provide, 
by dilution, a constant number of cells for each injection. The 
suspension was kept in uniform concentration by continuous 
mixing. The injection (0.1 ml.) was made intraperitoneally. 
The inoculum for the myeloid line consisted initially of 100,000 
cells. More recently, 10,000 cells were injected per mouse, 
when it was learned that fewer cells were adequate for a 
lethal effect. An inoculum consisting of 500 cells of the 


lymphoid line Ib was employed, when it was learned that this 
dosage was uniformly lethal for the control animals within 
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the same incubation period that resulted in death following 
the injection of 10,000 cells of line 15, myeloid type. 

Production of antiserum.—Cellular suspensions were pre- 
pared representative of (a) lymphatic leukemia splenic tissue 
from C58 mice inoculated with line Ib; (6) normal C58 mouse 
spleen; (c) myeloid leukemia splenic tissue from F, hybrid 
mice inoculated with line 15; and (d) normal strain F,; hybrid 
splenic tissue. Each rabbit used for production of normal 
splenic tissue antiserum was given an entire minced spleen 
suspended in isotonic saline. Since a leukemic spleen is from 3 
to 7 times larger than a normal mouse spleen, each rabbit used 
for production of antileukemic cell serum was given one-third of 
a minced leukemic spleen. Each of the four inocula was injected 
intramuscularly into three rabbits. Six 2.0-ml. injections were 
given to each rabbit at intervals of 72 hours. Five days after the 
last injection, the twelve rabbits were bled by cardiac puncture. 
The serum from the three rabbits in each group was pooled, 
separated by centrifugation at 1,000 r.p.m. for 15 minutes and 
stored at —10° C. 


varying extent, in normal rabbit serum, normal 
splenic tissue antiserum, and leukemic tissue anti- 
serum) made it apparent that normal rabbit serum 
contained a naturally occurring inhibitor for 
mouse leukemic cells. In an attempt to eliminate 
complement and/or a heat-labile inhibitor, each of 
the test samples of serum was treated by heating 
for 30 minutes either at 56°C. or at 60° C. The 
data are presented in Table 1. 

It will be observed from the findings in Table 1 
that heating for 30 minutes at 56° C. slightly di- 
minished the inhibitory effects of serum samples in 
all categories. However, treatment of the test 
serum samples by heat for 30 minutes at 60° C. 
proved informative. For example, the inhibitory 


TABLE 1 


THE INACTIVATION in Vitro OF MOUSE MYELOID LEUKEMIA, LINE 15 
BY HEATED RABBIT ANTISERUM 


TREATMENT OF SERUM SAMPLES 


Heated at 56° C. Heated at 60° C. 


Unheated for 30 minutes for 30 minutes 
No. Percental No. Percental No. Percental 
mice survival mice survival mice survival 
Test Antileukemic 29 /29* 100 12/15 80 21/24 87 
Serum Antinormal tissue 19/29 66 9/15 60 2/24 21 
Samples Normal 8/29 28 3/15 20 3/24 12 
Control 0.85 per cent NaCl 0/30 0 


_ * The denominator signifies the total number of susceptible mice employed as recipients in tests for viability of leukemic cell-antiserum 
mixture; the numerator, the number of mice that survived without evidence of leukemia. 


Technic of neutralization test.—0.2 M1. of test antiserum was 
mixed with 0.1 ml. of leukemic cellular suspension. (As noted 
above, the line 15 leukemic cellular suspension contained 
either 10,000 cells or 100,000 cells, and the line Ip inoculum 


consisted of approximately 500 cells.) After each mixture had 
been kept at room temperature for 1 hour and at 4° C. for a 
second hour, it was tested in susceptible mice by intraperi- 
toneal inoculation of 0.38 ml. These animals were observed 
daily for 60 days, to record splenic and lymph node enlarge- 
ment and the day of death. Mixtures of cells with normal rabbit 
serum and with 0.85 per cent NaCl, respectively, were prepared 


for injection for control purposes. 


RESULTS 

A pilot experiment was carried out as an explora- 
tory measure to learn whether the leukemogenic 
effect of the test suspension of cells could be neu- 
tralized by specific antileukemic cell serum. Both 
antileukemic serum and normal tissue antiserum 
rendered mouse myeloid leukemic cells, line 15, 
nonpathogenic for susceptible test mice, as evi- 
denced by the survival of seventeen out of eighteen 
test animals. Moreover, an inhibitory effect by 
normal rabbit serum was manifest, since two of 
nine recipients survived. These results contrasted 
with the uniform lethality that resulted for the 
twenty control mice from the same inoculum. 

This observation (that an inhibitory or neutral- 
izing effect upon leukemic cells was common, to a 


effects of normal rabbit serum were halved and 
that of normal tissue antiserum reduced to one- 
third. Contrariwise, the same treatment had only 
slight effect upon the neutralizing capacity of spe- 
cific antileukemic rabbit serum. These findings 
were interpreted to mean (a) that a heat-labile in- 
hibitor in normal rabbit serum resulted in the sur- 
vival of 20 per cent of the recipients despite heat- 
ing for 30 minutes at 56° C. but in only 12 per cent 
when heated at 60°C.; (b) that normal mouse 
splenic cells gave rise in rabbits to protective sub- 
stances which were inactivated by heating to 
60° C. for 30 minutes, as evidenced by a survival 
level of only 21 per cent instead of the 60 per cent 
survival which had been observed for the re- 
cipients that received either unheated serum or 
serum kept at 56°C. for 30 minutes; (c) that 
myeloid leukemic cells, line 15, were antigenic, 
to result in neutralizing, protective, heat-stable 
(60° C.) antibodies that permitted survival of 87 
per cent of the recipients. 

The results of the experiments summarized on 
Table 1 were confirmed and extended by the find- 
ings that resulted from an essentially similar series 
of experiments. These experiments differed by the 
substitution of lymphoid leukemic cells, line I, 
and normal splenic tissue from C58 mice in place 
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of the myeloid leukemic cells, line 15, and splenic 
tissue from F mice. 

It can be seen from Table 2 that heating normal 
mouse spleen antiserum reduced its protective ef- 
fect, as indicated by a percental survival of 53 for 
unheated serum, 33 for serum heated at 56° C. for 
30 minutes to only thirteen for serum heated for 30 
minutes at 60° C. In contrast, lymphoid leukemic 
tissue antiserum lost, through heating for 30 min- 
utes at 56° C. and at 60° C., only a percental dif- 
ference of 20. It was assumed that this difference 
was attributable to a heat-labile inhibitory sub- 
stance naturally present in normal rabbit serum. 
The data included in Table 2 for normal rabbit 
serum do suggest this assumption. 


the protective substance(s) that resulted from the 
antigenic stimulus of normal splenic tissue, or of 
the protective substances that were found to occur 
in normal rabbit serum. For example, it was found 
that heat was destructive for the inhibitory sub- 
stance naturally present in normal rabbit serum, 
as evidenced by a loss in protective capacity fol- 
lowing heating for 30 minutes at 60° C. It was ob- 
served that protection was reduced by heating in 
one series from 13 per cent to 0 per cent and for 
another series from 28 per cent to 12 per cent. In 
contrast to these findings, leukemic cells kept for 
control purposes for the same periods of time in 
saline suspension before injection proved uniformly 
lethal. Cross absorption studies are essential to 


TABLE 2 


THE INACTIVATION in Vitro OF MOUSE LYMPHOID LEUKEMIA, LINE Ib 
BY HEATED RABBIT ANTISERUM 


TREATMENT OF SERUM SAMPLES 


Unheated Heated at 56° C. Heated at 60° C. 
serum for 30 minutes for 30 minutes 
No. Percental No. Percental No. Percental 
mice survival mice survival mice survival 
Test Antileukemic 14/15* 93 11/15 73 10/15 67 
Serum Antinormal 8/15 53 5/15 33 2/15 13 
Samples Normal 2/15 13 0/15 0 0/15 0 
Control 0.85 per cent NaCl 0/20 0 


_ * The denominator indicates the total number of susceptible mice employed as recipients in tests for viability of leukemic cell-antiserum 
mixture; the numerator, the number of mice that survived without evidence of leukemia. 


DISCUSSION 


The studies here described were carried out to 
demonstrate a difference in the antigenic com- 
ponents of normal and mouse leukemic cells. The 
wn vitro neutralization technic commonly employed 
for the immunological study of viruses was uti- 
lized. Rabbits provided the test samples of anti- 
serum. The antigens for the active immunization 
of rabbits consisted of (a) myeloid leukemic tissue 
representative of line 15, (6) normal splenic tissue 
from strain F mice for control purposes, (¢c) lymph- 
oid leukemic tissue representative of line I,, and 
(d) normal splenic tissue from C58 mice for control 
purposes. The present observations suggest strong- 
ly’ that leukemic cells contain an antigenic com- 
ponent(s) distinctive for the mouse leukemic cell. 
The evidence was found in the repeated demon- 
stration that upon admixture with a homologous 
leukemic cellular suspension antibodies engen- 
dered by leukemic cells protect susceptible mice 
from an otherwise lethal leukemia. The effect was 
made apparent by the failure of leukemia to de- 
velop in from 80 to 100 per cent of the recipient 
susceptible mice that were given the test lethal 
dose of leukemic cells. The antibody for the leu- 
kemic cell was heat-stable (60° C. for 30 minutes), 
in contrast to the relative heat lability (56° C.) for 


establish unequivocally the specificity of the leuke- 
mic cell antibodies. 

The demonstration of specific antibodies for leu- 
kemic cells in samples of antileukemic splenic tis- 
sue rabbit serum corroborates the results of pre- 
vious investigators (1-3). Evidence for an anti- 
genic component(s) which differs from the other 
components of the normal host cell has resulted 
from the application of a variety of immunological 
approaches. 

The studies of MacDowell, Taylor, and Potter 
established evidence for the production in suscep- 
tible mice of immunity to mouse leukemic cells (11). 
These investigators immunized mice by utilizing 
as antigen (a) a sublethal dose of leukemic cells or 
(b) normal tissue of a foreign strain. The resistance 
induced by the injection of splenic or hepatic tissue 
from mice that had been immunized with leukemic 
cells was found to be transferable (13). Further 
studies by these authors (13) revealed differences 
in the state of immunity that resulted from using 
leukemic cells for the antigenic stimulus as com- 
pared to normal tissue. For example, the specific 
immunity which had been produced by leukemic 
cells was transferable to normal animals by the 
injection of hepatic or splenic tissue from immune 
animals, but the resistance that resulted from the 
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administration of normal tissue was not trans- 
ferable. However, this method for the production 
of active immunity against transplantable leuke- 
mia was not found applicable to spontaneous leu- 
kemia, nor would such immunity protect against 
cells of a spontaneous case (8). These findings by 
MacDowell and his associates provided a premise 
for other studies which for the most part were di- 
rected toward the elucidation of the mechanism 
for the inactivation of leukemic cells by antibody 
or other protective substance. 

It is a common observation that the injection of 
mouse leukemic cells into mice of a foreign strain 
results in slight evidence of growth and in regres- 
sion. A second or third transplantation of the same 
line of leukemic cells does not result in any evi- 
dence of growth. Moreover, serum withdrawn 
from mice rendered immune by this procedure is 
capable of inactivating leukemic cells in vitro so 
that they are unable to transmit leukemia (6). The 
injection of leukemic cells, line 15, into a foreign 
species (15) likewise made available a serum which 
upon admixture with leukemic cells resulted in 
their inactivation and in loss of pathogenicity. 
This experimental study was preliminary to the 
studies reported in the present paper. 

The studies of Dulaney and her associates (1-3) 
demonstrated quantitative but not qualitative dif- 
ferences in cytoplasmic fractions segregated from 
the spleen of normal and leukemic mice. These dif- 
ferences were made apparent (1, 3) by utilizing 
both the complement fixation technic and cytotox- 
icity (2) for testing antisera which had been pre- 
pared by using as antigen the components of nor- 
mal and of leukemic splenic cells. This demon- 
stration by these two serologic tests of quantita- 
tive differences in the test sera is in keeping with 
the findings of the present study. The test samples 
of serum in preparation for the serological tests 
were heated for 30 minutes at 56° C. It seems prob- 
able that the differences demonstrated by Dulaney 
et al. might have been better established by heat- 
ing the serum samples for 30 minutes at 60° C. 
prior to use. 


SUMMARY 


Mouse leukemic cells can be differentiated from 
homologous normal cells by antigenic differences. 
The neutralization technic demonstrated the abil- 
ity of rabbit antileukemic tissue antiserum to ren- 
der a lethal dose of leukemic cells innocuous upon 
admixture before injection. The specific antibodies 
were shown to be heat-stable, 30 minutes at 60° C., 
whereas inhibitory substances demonstrated in 


normal rabbit serum and in normal tissue anti- 
serum were inactivated at that temperature. The 
discovery of natural inhibitory substances in rab- 
bit serum makes pertinent the re-examination of 
the findings of other workers in this field. The lines 
of leukemic cells employed were myeloid leukemic 
cells of line 15 from strain F mice and lymphatic 
leukemic cells, line I,, in strain C58 mice. 
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Nerve Sheath Tumors in an Isolated Goldfish Population* 


Hans G. SCHLUMBERGER 


(Dept. of Pathology, College of Medicine, The Ohio State University, Columbus 10, Ohio) 


INTRODUCTION 


During the past 6 years studies have been car- 
ried out on the morphology, growth, and possible 
etiology of nerve sheath tumors observed in gold- 
fish, Carassius auratus. The fish were all inhabit- 
ants of a large lagoon in the city of Cleveland.! 
The tumors were neurilemomas and neurofibro- 
mas; in seven instances they were histologically 
malignant. The question of the neoplastic char- 
acter of the melanophores found in several deeply 
pigmented tumors will be considered. 

After an account of the fish and their environ- 
ment, the morphology of the tumors will be de- 
scribed, followed by data on transplantation and 
transmission experiments which were carried out. 
The possible relation of the tumors and certain 
abnormalities in the fish to constitutional factors, 
and the similarity of the lesions to those encoun- 
tered in von Recklinghausen’s neurofibromatosis 
will be presented in the discussion. 


MATERIALS AND RESULTS 


Tue Fiso AND THEIR ENVIRONMENT 


Goldfish visible from the shore of the pond were 
large, measuring 20-35 cm. in over-all length. An 
age estimate of 5-8 years was based on studies of 
the scales made at the Institute of Hydrobiology 
of the Ohio State University. Fish that bore tu- 
mors 1 or more centimeters in diameter were read- 
ily spotted as they swam slowly about. They could 
be lured to within reach of the net by dropping 
pieces of soda cracker into the water. Occasionally 
an entire school of fish was caught in a large seine 
when normal as well as tumor-bearing specimens 
were needed. Inspection of these fish showed that 
8-10 per cent bore one or more tumors. This inci- 
dence did not change appreciably during the years 
of observation. The neoplasms occurred with equal 
frequency in both sexes. Dead goldfish were sel- 

* This investigation was supported in part by a research 
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1 Mr. Arnold M. Davis, director of the Garden Center of 
Greater Cleveland, kindly gave permission for the discriminate 
use of the fish and supplied data about the lagoon. 
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dom found, and none of them bore tumors; it is 
probable that only rarely did the tumors interfere 
with the normal life of the fish. 

It is regrettable that an ecological survey of the 
pond has not been made, for it presents a rather 
unique opportunity to study a restricted yet essen- 
tially natural environment of a large number of 
tumor-bearing animals. The lagoon was stocked 26 
years ago, and no goldfish have been added since 
then. Though the possibility that visitors may 
have introduced an occasional one must be enter- 
tained, no instance of this is known to the care- 
takers or patrolmen on the grounds. 

In addition to the goldfish, blue gill sunfish 
(Lepomis incisor) and large-mouth black bass 
(Micropterus salmoides) are living and breeding in 
the lagoon. Of those caught in the seine none 
showed visible evidence of a tumor, nor was there 
any sign of ocular injury or copepod infestation so 
common in the goldfish. 

The lagoon has a surface area of 3—4 acres; ex- 
cept for three small sandy beaches it is enclosed by 
low limestone embankments. The water is largely 
supplied by surface drainage and fountain over- 
flow, supplemented by municipal water during pe- 
riods of drought. The surrounding lawns are well 
fertilized, which should aid in maintaining a rich 
plankton population. There is no evidence of pol- 
lution. 

The pond is drained to one-third its area each 
spring, and the marginal zone cleaned for a dis- 
tance of 20 feet. It requires at least 10 days of con- 
stant flow from a city hydrant to refill the lagoon. 
During the summer months the temperature of the 
water averages 65° F. (18.3°C.) near shore. In 
winter the entire surface is frozen, often to a depth 
of 12 inches, but very few fish die of suffocation. 


THe NERVE SHEATH TUMORS 


Tumors of the peripheral nerves are among the 
least common neoplasms found in fishes (30). Of 
seven papers on the subject, three describe a gan- 
glioneuroma (12, 34, 35) and one a neuroepithelio- 
ma (36). Picchi (24) reported a pea-sized tumor 
that he identified as a schwannoma in the region of 
a caudal vertebra in a large goldfish. Young and 
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Olafson (42) found multiple lesions in the auto- 
nomic nerves of 25 young brook trout. Although 
the authors describe the pathologic changes as 
characteristic of neurilemomas, their evidence for 
the neoplastic nature of the lesions is not entirely 
convincing. 

A comprehensive study of tumors of the nerve 
sheaths in fishes was made by Lucké (15), who 
published a detailed description of the gross and 
microscopic appearance of these neoplasms in 76 
specimens of the snapper family (Lutianidae). The 
affected fish were of three species: L. griseus, L. 
apodus, and L. jocu; most were caught near the Dry 
Tortugas in the Gulf of Mexico. The tumors gen- 
erally occurred along the course of the larger sub- 
cutaneous nerves and had the histologic appear- 
ance characteristic of neurilemomas seen in man. 


Gross MorPHOLOGY AND DISTRIBUTION 


The 144 tumors in the 53 goldfish examined 
were widely scattered over the surface of the body; 


LEFT 


RIGHT 


however, most were found on the dorso-lateral as- 
pect of the head and trunk and on the caudal fin 
(Chart 1). Although this is in the area of the lateral 
line sensory organs and the larger nerve trunks, no 
tumor attachment to such a nerve could be demon- 
strated. 

The neoplasms ranged in size from 4 mm. to 4.5 
cm. in diameter (Figs. 1, 3, 4,8). The small tumors 
were flat, orange-yellow in color, and firm in con- 
sistency. The larger lesions were hemispherical in 
shape and broadly sessile; only one was peduncu- 
lated (Fig. 5). The surface of the tumors was 
smooth, sometimes gently lobulated; scales were 
absent. The neoplasms were usually quite soft, 
pink in color, and occasionally hemorrhagic (Fig. 
2). All tumors were very vascular and bled pro- 
fusely after injury. A few were pigmented (Fig. 
23). Three tumors were cystic; one of these overlay 
a 2-mm. defect in the skull, but the underlying 
brain and meninges were intact. 

None of the tumors was encapsulated, although 


Cuart 1.—Distribution of 144 tumors found in 53 goldfish. The tumors occur most frequently on the dorso-lateral 


aspect of the head and trunk, and on the caudal fin. 
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most were well circumscribed and did not pene- 
trate the compact layer of the dermis. However, 
invasion of the underlying musculature (Fig. 31) 
was observed twice. Metastasis did not occur, but 
multiple primary tumors were often seen (Figs. 4, 
8, 23). Of the 53 fish examined, 31 had two or more 
tumors; the largest number found on any one fish 
was eleven. 

One goldfish bore no surface lesions, but the 
right operculum was elevated by a 4 X 4 X 3.5- 
cm. tumor that arose from the second gill arch on 
the right (Figs. 15. 16). Another fish had, in addi- 
tion to three skin tumors, a markedly distended 
abdomen. After death of the animal, two large 
contiguous tumors measuring 6.5 X 4.5 X 5 cm. 
were found to occupy most of the abdominal cav- 
ity (Fig. 14). The viscera had been displaced, the 
ovaries compressed and distorted. The tumors 
were loosely adherent to the parietal peritoneum; 
despite careful dissection no other site of origin 
could be found. 

In many tumor-bearing fish careful inspection 
revealed 1-mm. thick elevations at the tip of iso- 
lated scales; the surface was mammilated, orange- 
yellow in color (Fig. 21). Occasionally, many con- 
tiguous scales or a large area of the scaleless head 
were similarly affected (Fig. 18). The limbus of one 
or even both eyes was also often the site of diffuse 
neoplastic thickening (29). Frequently, the lesion 
encroached upon the cornea (Fig. 9). 


Microscopic MorPHOLOGY 


Since the experimental production of neurilemo- 
mas by Masson (16) in 1932, much work has been 
done on the histogenesis of peripheral nerve tu- 
mors. These studies, among which those of Stout 
(31, 33) and Murray and Stout (19, 20) must be 
reckoned particularly significant, led to the con- 
sensus that the chief cellular component of both 
the neurilemoma and the neurofibroma is the 
nerve-sheath cell of Schwann rather than the peri- 
neural fibroblast. The study of the histology as 
well as of the growth and development of the gold- 
fish tumors gave results that are compatible with 
this concept of their histogenesis. 

The tumors apparently arose from the small 
superficial nerves that are very numerous in the 
corium of the goldfish. Many of the nerves end as 
naked neurites in the epidermis, others supply end 
organs known as terminal buds that structurally 
resemble the taste buds of mammals. These are 
abundant on the head and trunk of goldfish and 
other fish of sluggish habit that live in mud (13). 
The only other specialized end organs in fish are 
the neuromasts—organs of the lateral line system 
(1). Histologically, the myelin sheath cells of 


Schwann are similar to those found in other verte- 
brates (21). The normal histology of the goldfish 
skin has been described by Graupner and Fischer 
(10). 

Neurilemoma.—The palisading of nuclei so char- 
acteristic of the Antoni type A tissue in the neuri- 
lemoma was prominent in 25 per cent of the tu- 
mors (Figs. 11, 17) and less apparent in several 
others (Fig. 7). Although this nuclear arrangement 
is most often found in nerve-sheath tumors, it oc- 
casionally occurs in leiomyomas (33), and in the 
early stages of this study several tumors were so 
identified (27). However, further investigation and 
the accumulation of additional material indicate 
that these, too, were neurilemomas. 

Organoid structures such as the Verocay bodies 
that resemble tactile corpuscles were not seen. 
Trichrome stains showed only occasional narrow 
collagen bundles; silver stains revealed numerous 
reticulin fibers, but only rarely were neurites en- 
countered. The cells of all type A tissue, whether 
they showed nuclear palisading or not, were very 
elongate; cell boundaries were indistinct or absent. 
The nuclei were uniform in size, long and oval in 
shape, and contained one to three prominent nu- 
cleoli. Mitotic figures were uncommon. 

The Antoni type B tissue with its irregularly ar- 
ranged stellate cells and occasional microcysts 
(Fig. 6) was less prominent in these tumors than 
the more compact type A. In several instances 
there appeared to be a transition between the two 
types characterized by cells which, though still 
elongated, had an abundant cytoplasm in which 
the appearance of vacuoles coupled with intercel- 
lular microcysts seemed to foreshadow the loosely 
arranged meshwork of the fully developed type B 
tissue (Fig. 10). The blood vessels had thin walls 
without the collagen sheaths described in some of 
the human tumors. Multiple thrombi were only 
encountered in the single pedunculated tumor 
mentioned above. 

Tissue cultures of these tumors were prepared 
according to a technic similar to that described 
elsewhere (27). There was often considerable dif- 
ference in the appearance of the cells from various 
explants. In some the cells were stellate in shape 
with an abundant cytoplasm; in other areas of the 
explant or in other explants of the same tumor the 
cells approached the extremely long spindle shape 
(Fig. 36) shown by Murray and Stout (19) to char- 
acterize the human Schwann cell. The great pleo- 
morphism of the nerve-sheath cell growing zn vitro 
has been emphasized by Weiss (39, 40), who ob- 
served their transformation into macrophages. 

Neurofibroma.—The thickenings observed at 
the tip of the scales or diffusely involving the 
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dorsum of the head have a histological appearance 
that corresponds well with that currently accepted 
for the neurofibroma (Figs. 19 and 22). The neo- 
plastic cells, which were cytologically indistin- 
guishable from those of the type A tissue in the 
neurilemoma, were unlike the latter in their hap- 
hazard arrangement. Silver stains showed neurites 
were present (Fig. 20), a feature characteristic of 
human cutaneous neurofibromas (18). Neurofibro- 
mas and neurilemomas often co-existed on the 
same fish. When bleached, the histologic appear- 
ance of two pigmented tumors resembled that of a 
neurofibroma. 

Pigmented nerve sheath tumors.—Although many 
tumors had small areas of pigmentation, the four 
selected for extensive histologic study were gray or 
black throughout. They occurred on four fish that 
also bore one or more nonpigmented neurilemo- 
mas. Two involved the base of the left pectoral fin, 
one grew on the caudal fin, and another was found 
on the dorsum of the trunk (Fig. 23). 

In one the pigment was so dense that nuclear 
and cytoplasmic detail could be made out only at 
the periphery of the tumor or after bleaching. 
Growth in tissue culture was poor, but after 13 
days in roller tubes small numbers of pigment- 
bearing cells had migrated out of the explant (Fig. 
35). They did not have the branched appearance 
of melanophores and resembled the pigment-laden 
macrophages seen in cultures of fish, mouse, and 
human melanomas by Grand and Cameron (9). 

In another neurofibroma the pigmented cells 
were less numerous and the melanin granules more 
widely scattered in the melanophores. This per- 
mitted a comparison of the nuclei of the pigment 
cells and of the Schwann cells in the untreated 
slide (Fig. 24). No distinguishing characteristics 
were recognizable, and in bleached sections it 
could no longer be determined which was the pig- 
ment cell and which the Schwann cell (Fig. 25). 

In a neurilemoma which grossly was diffusely 
pigmented, histological sections revealed less mela- 
nin than was anticipated; typical nuclear palisad- 
ing was present (Fig. 12). Within the palisades 
were cells which differed in no way from their com- 
panions, except that the cytoplasm contained 
large numbers of melanin granules (Fig. 13). 

The data on the origin of the vertebrate pigment 
cell (melanophore) has been reviewed by Rawles 
(25), who concluded that in all classes they were 
derivatives of the neural crest. More recently, 
however, Oppenheimer (23) has shown experimen- 
tally that in embryos of the fish Fundulus hetero- 
clitus pigment cells can arise from cells that nor- 
mally do not contribute to the teleostean counter- 
part of the neural crest. Nevertheless, she states 


that these findings do not rule out the origin of 
melanophores during normal development from 
cells corresponding to those of the neural crest in 
other vertebrates. 

Skin pigmentation in the goldfish is subject to 
considerable change; e.g., it is often increased in 
areas of inflammation. Goodrich (7) has presented 
evidence of the existence in the goldfish dermis of a 
reservoir of melanoblasts (unpigmented precursors 
of melanophores). From these melanoblasts clus- 
ters of melanophores can be derived. Nevertheless, 
the possibility exists that in the pigmented neuro- 
fibromas and neurilemomas of the goldfish the 
melanophore is derived from the same stem cell as 
is the Schwann cell and that it is an integral part of 
the tumor. This intimate relation of the two cell 
types recalls Masson’s concept of pigmented moles 
(17) which he believes are composed of a down- 
ward proliferation of intraepidermal melanoblasts 
and upward migration of Schwann cells from the 
dermal nerves. 

The pigment-producing ability of Schwann cells 
has been described in certain ocular melanomas by 
Reese (26), who labeled the tumors “neurogenic 
melanomas.” A similar histologic picture was ob- 
served by the writer in a malignant melanoma that 
arose in the body wall of a python (30). 

In the light of Weiss’s studies on the in vitro 
transformation of the Schwann cell into a macro- 
phage (39, 40), the possibility should be considered 
that the melanin-bearing macrophages described 
above (Fig. 35) are melanophores similarly altered 
rather than macrophages that have phagocytized 
the pigment of disintegrating melanophores in the 
explant. 

Malignant neurilemoma.—The histology of the 
nerve sheath tumors thus far considered has been 
that of benign neoplasms characterized by the 
absence of any profound cellular abnormality. 
However, in seven fish there were rapidly growing 
tumors that showed histological evidence of malig- 
nancy. All were large, three were solitary, neuro- 
fibromas accompanied the other four. One of the 
tumors apparently arose in the right eye which it 
had destroyed, another grew on the dorsum of the 
head, a third occupied a large area of the opercu- 
lum behind the right eye (Fig. 8). The remaining 
four were located on the dorsolateral aspect of the 
trunk (Fig. 40). 

The histologic picture presented by these tu- 
mors was quite variable. It differed essentially 
from that of the benign tumors in the more abun- 
dant cytoplasm of the cells and the frequent ap- 
pearance of giant forms with bizarre nuclei and 
prominent nucleoli (Fig. 26). Normal and abnor- 
mal mitotic figures were often seen (Figs. 27 and 
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28). In several instances the chromosomes, which 
normally are very small with a diploid number of 
90, were large, resembling the diplochromosomes 
described by Biesele (2) in an ovarian tumor of the 
goldfish (Fig. 29). 

The neoplastic cells were arranged as interlacing 
bundles in which there was occasionally a sugges- 
tion of nuclear palisading (Fig. 32). Areas similar 
to the Antoni type B tissue of the benign neuri- 
lemoma were encountered. Silver stains failed to 
reveal the presence of neurites, and reticulin stains 
did not show the encircling reticulin fibers deemed 
characteristic of fibrosarcoma (32). The histologic 
appearance of these tumors in the goldfish closely 
resembles that of malignant neurilemomas re- 
cently reported in man (8, 38). 

Invasion of the underlying musculature was 
only observed twice (Fig. 31); no metastases were 
found. The only instance of the successful trans- 
plantation of a tumor in this entire series was an 
autotransplant in one of these seven cases (Figs. 
37-39). 

Several of the malignant tumors grew well in 
tissue culture. Although they rarely displayed the 
very elongate form of human Schwann cells in 
vitro, many had the interesting “‘flask”’ shape (Fig. 
34) and monocytoid character (Fig. 33) observed 
by Weiss in Schwann cells from the nerves of adult 
rats. (Compare with Weiss’s Figures 5 and 6, 
Plate I [40].) However, whether the monocytoid 
cells represent morphological variants of the 
Schwann cells or macrophages present in the tu- 
mor explants could not be determined. 


RatTE AND MANNER OF GROWTH 


The benign tumors grew slowly; e.g., a neurile- 
moma on the caudal fin (Fig. 1) showed no demon- 
strable increase in size over a period of 5 months 
and no growth of explants in tissue culture. A pig- 
mented neurilemoma at the base of a pectoral fin 
manifested no change during the 73 months the 
fish was under observation. A pigmented neuro- 
fibroma in an identical location on a second gold- 
fish showed regrowth after portions were excised 
for tissue culture but only a slight enlargement of 
the entire tumor. Very poor growth was obtained 
in vitro. During the 14 months that this animal was 
in the laboratory a partly pigmented 4-mm. tumor 
on the operculum regressed until only a flat pig- 
ment spot remained. A small tumor on the trunk 
showed no change. In another case a pedunculated 
neurilemoma (Fig. 5) was amputated 2 days after 
capture of the fish. Tissue cultures of the tumor 
were contaminated. After 57 days there was evi- 
dence of recurrence, but the mass measured only 
4X 2 X 6 mm. This was removed and pieces cul- 


tured in vitro, where growth was poor. During the 
remaining 8 months of life there was no recurrence 
of the tumor at the primary site. The best in vitro 
growth of a benign tumor was obtained with a 
neurilemoma that arose from the second gill arch 
(Figs. 16 and 36). | 

The seven tumors that showed histological evi- 
dence of malignancy all grew rapidly during the 
32-203 days they were under observation (Figs. 2 
and 3). In one instance the tumor appeared to out- 
strip its blood supply, for the bulk of it became 
necrotic and sloughed off. Viable tumor continued 
to grow about the margins of the resultant ulcer. A 
tumor that was observed for 203 days displayed 
alternating periods of slow and rapid growth. 
Biopsies taken from four of these seven tumors 
ylelded good growth in tissue culture. 


TRANSPLANTATION EXPERIMENTS 


Numerous auto-, homoio-, and heterologous 
transplants of the benign as well as of the histologi- 
cally malignant tumors were made. Only a single 
one, an autotransplant to the anterior chamber of 
the eye, showed evidence of progressive growth. 
This failure of the transplants to grow, coupled 
with the absence of metastases, would indicate 
that none of the goldfish tumors had reached the 
stage of autonomous growth (11). 

The technic used in transplanting tissue to the 
anterior chamber of fish eyes is similar to that em- 
ployed with other animals. One difficulty should be 
noted; z., the anterior chamber fluid of the gold- 
fish is very viscid and escapes through the wound 
for several minutes after the sclero-corneal incision 
has been made, often carrying the transplant with 
it. This was overcome by introducing the tumor 
with a Bashford needle rather than with forceps 
and by placing the transplant at the most inferior 
portion of the chamber. During the procedure, 
which only lasted 3-4 minutes, each fish was 
wrapped in a damp cloth with only the head pro- 
truding. No ill effects from the resultant partial 
asphyxia were observed. 

Autotransplants in the anterior chamber.—A bit 
of the primary neoplasm was transferred to one 
eye of the tumor-bearing fish in five instances, 
Nos. 1, 5, 6, 8, and 28. All but the last were his- 
tologically malignant neurilemomas; No. 28 was a 
benign neurilemoma arising from a gill arch. 
Growth occurred only in goldfish No. 1; the im- 
plants in Nos. 6 and 28 were resorbed within 4 
weeks. No. 8 lived only 6 days after inoculation, 
and, in the case of No. 5, failure of growth may 
have been due to ocular trauma incurred during 
the operation. 

Growth of the autotransplant in fish No. 1 was 
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not apparent until 3 months after inoculation; dur- 
ing this period the bit of tumor was visible in the 
lower half of the anterior chamber where it rested 
upon the iris. In the 3 weeks before the animal’s 
death, when the primary tumor was growing rap- 
idly, the transplant began to increase in size and 
grew into the pupillary space (Fig. 37). Histologi- 
cal sections showed that the transplant had be- 
come attached to the iris which supplied it with 
blood vessels (Fig. 38). In their structure and ar- 
rangement the cells of the transplant resembled 
those of the primary tumor (Fig. 39). 


A small incision was made at the base of a scale 
just lateral to the dorsal fin; through this a Bash- 
ford needle was inserted and the tumor transplants 
placed in the subcutaneous tissue. Material 
from two malignant neurilemomas was used. That 
of goldfish No. 5 was inoculated into seventeen 
fish obtained from dealers and that of goldfish No. 
29 was transferred to eight goldfish from the 
Cleveland pond. No growth of the transplants took 
place; all were completely resorbed. 

Heterologous transplants in the anterior cham- 
ber.—Pieces of a neurilemoma (G. F. 28) were 


TABLE 1 
HOMOIOTRANSPLANTS IN THE ANTERIOR CHAMBER 
No. of 
Cleve.* 
No. of fish No. of Growth of 
Identity Cleve.* with dealer trans- 
of donor Type of tumor fish tumor fish Remarks plant 
G.F. 6 Malignant neurilemoma 12 #Inright eye 0 
12 In left eye 4 wk. after inoc. of tumor G.F. 6 in right eye 0 
12 Fish inoc. subcut. with tumor G.F. 10 one month before 0 
G.F. 21 Malignant neurilemoma 4 35 Inflammation in eyes of tumor-bearing fish 0 
G.F. 29 Malignant neurilemoma 8 24 0 
G.F. 44 Malignant neurilemoma 5 $ 7 0 
G.F.28 Benign neurilemoma 11 3 20 0 
8 Fish inoc. 1 wk. before in other eye with tumor G.F. 27 0 
16 Fish inoc. 12 days before in other eye with tumor G.F. 27 0 
10 Transplants were tissue cultures 0 
G.F.27 Neurofibroma 16 8 0 
Total 66 10 138 0 


* “*Cleve.”’ in all tables refers to the Cleveland lagoon. 


Homoiotransplants in the anterior chamber.— 
Tissue from several rapidly growing tumors was 
transplanted to the eyes of goldfish obtained from 
the Cleveland lagoon; these may have been geneti- 
cally related to the donors. In a few instances the 
recipients bore spontaneous nerve-sheath tumors, 
a situation which in similar studies with rodents 
has increased the number of takes (11). Additional 
host fish were purchased from dealers to provide 
animals in which any genetic relation between 
donor and recipient would be extremely unlikely 
(Table 1). 

In several instances one eye was inoculated with 
the same or a different tumor 1-4 weeks before 
transplants were placed in the other eye. No effect 
was noted upon the rate of growth or regression 
that could be compared to the XYZ phenomenon 
of Casey (4). In one experiment explants from tis- 
sue cultures were used, but these too regressed. 

The inflammatory response to the transplant 
was very slight; clouding of the cornea seldom oc- 
curred, and infection was rare. The majority of the 
animals were observed for 3 months or more; in 
none did the transplants grow, nor did tumors de- 
velop elsewhere in the inoculated fish. 

Homoiotransplants in the subcutaneous tissue.— 


transplanted to the anterior chamber of the left 
eye in 24 frogs. A moderately severe inflammation 
characterized by haziness of the cornea set in after 
24-48 hours. A week later the cornea partly 
cleared and the tumor tissue was visible in the 
anterior chamber. It had become white and opaque 
and subsequently was completely resorbed. Ho- 
moiotransplants of this tumor had also failed to 
grow (Table 1), although growth in tissue culture 
was excellent (Fig. 36). 


TRANSMISSION EXPERIMENTS 


In view of the high incidence of these tumors 
among goldfish in the Cleveland lagoon, it ap- 
peared that they might be induced by a transmis- 
sible agent. To test this possibility the following 
procedures were carried out. 

Subcutaneous inoculation of tumor suspensions. 
—A virus or other carcinogenic agent might not be 
liberated from the intact cells of the tissue used in 
transplantation experiments. Pieces of the tumor 
were therefore ground with sand in isotonic saline 
(0.8 per cent). After the sand and other coarse par- 
ticles had settled out, the supernatant fluid with 
its suspended tissue debris was injected intra- 
muscularly near the dorsal] fin of healthy goldfish. 
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Tissue from the malignant neurilemomas of 
goldfish Nos. 1, 10, and 27 was prepared as out- 
lined and injected respectively into ten, twelve, 
and eight dealer’s goldfish. In addition material 
from fish No. 27 was similarly injected into sixteen 
normal goldfish obtained from the Cleveland la- 
goon. 

Although over half of the 46 inoculated animals 
survived more than 5 months, none developed tu- 
mors at the site of injection or elsewhere. 

Association of normal with tumor-bearing fish.— 
Transmission of a carcinogenic virus or other 
agent by accidental inoculation is unlikely in natu- 
ral surroundings. To determine the existence of 
other modes of transmission, tumor-bearing fish 
were placed in large tanks with healthy goldfish 
obtained from the Cleveland pond and from 
dealers (Table 2). 


TABLE 2 


TUMOR-BEARING FISH IN TANKS 
WITH NORMAL FISH 


No. of No. of No. of 
tumor fish Size of tank Cleve. fish dealer’s fish 
in tank (gal.) in tank in tank 
5 140 12 15 
1 20 8 
5 140 12 15 
5 140 11 20 


The aqueous environment of fish in the same 
tank lends itself to the transmission of disease 
agents. The urine and feces excreted into the water 
are taken up by the fish in the process of forcing 
water over its gills during respiration. That some 
of the water is also swallowed was demonstrated in 
these goldfish by visualization of the intestine in 
roentgenograms made after exposure of the fish to 
water containing thorium dioxide, with the meth- 
od of Frank and Allee (6). In addition, the excreta, 
other body discharges, and exfoliated cells sus- 
pended in the water come in contact with the en- 
tire skin surface of the fish. 

Although many normal fish, both from the 
Cleveland pond and from dealers, were kept in 
tanks with tumor-bearing fish for over 8 months, 
none of the healthy fish developed a tumor. It is 
possible that a carcinogenic agent present in the 
water of the lagoon is not transferred with the 
tumor-bearing fish. This can perhaps be deter- 
mined by placing normal goldfish, restrained in 
wide-mesh screen cages, in the Cleveland lagoon 
where they may be examined at intervals for the 
appearance of tumors. 

Copepod infestation and neoplasia.—Many tu- 
mor-bearing as well as healthy goldfish from the 
Cleveland pond were parasitized by copepods 
(Fig. 40) of the species Lernaea carassii described 


by Tidd (37). Other species of these minute para- 
sitic crustaceans, colloquially known as “anchor 
worms, are often observed on fresh water or 
marine fishes where they may produce prominent 
inflammatory tumefactions (22). 

The larvae of Z. carassii pass through five 
nauplius stages in which they are free-swimming, 
then follow six copepodid stages during which the 
larvae move about over the surface of the fish, oc- 
casionally leaving one and transferring to another, 
At the end of the sixth copepodid stage the ani- 
mals molt and develop into the adult form. The 
young adult burrows through the epidermis into 
the corium of the fish, after which six hooks rap- 
idly develop about the copepod’s rostrum and 
serve as anchors. Meanwhile the abdominal seg- 
ments elongate and dangle freely in the surround- 
ing water. In the female two egg sacs, in which the 
early stages of development occur, grow from the 
caudal segment (Fig. 42). 

The adult crustacean produces a considerable 
degree of local inflammation with hyperemia and 
small hemorrhages in the corium. At 25° C. the 
entire life cycle requires about 2 weeks, but the 
adult parasite remains imbedded in the host for 
several weeks. If infestation occurred in the fall it 
may still be found on the fish the following spring. 

This life cycle of the parasite, coupled with the 
frequent presence of the adults on tumor-bearing 
fish and occasional appearance in the tumors them- 
selves (Fig. 41), suggested that the parasite might 
be important in the genesis of the tumor. The cope- 
pod could transmit a virus or a chemical carcino- 
gen, or by producing a chronic inflammatory lesion 
provide a stimulus that in a congenitally suscep- 
tible strain would lead to tumor formation. 

To test these possibilities mature female cope- 
pods were removed from tumor-bearing fish, the 
egg masses collected, and the larvae reared to the 
first copepodid stage, when they were brought in 
contact with the fish to be parasitized.” Although 
some fish became heavily infested, an attempt was 
made to keep the number down to 10-15 adults 
per fish to facilitate mapping their location and 
noting changes at those sites during the following 
months. 

In the first experiment 24 dealer’s goldfish were 
heavily infested with copepods (Fig. 43). When the 
infestation was at its height and there was danger 
that the fish might die, they were treated with po- 
tassium permanganate. The infestation promptly 
subsided, and after a week the parasites had dis- 
appeared. Although half the fish survived more 


2 Grateful acknowledgment is made for valuable advice 
given by Prof. Wilbur M. Tidd on the technique employed. 
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than 6 months after infestation, none developed 
tumors. 

Further studies were then carried out using 
both tumor-bearing and nontumor-bearing fish 
from the Cleveland pond as well as dealer’s gold- 
fish (Table 3). The fish with tumors were used in 


TABLE 3 


COPEPOD INFESTATIONS 
Length of 


survival 
(mo.) 


Animals No. of Water temp. 
parasitized animals (° C.) 
Dealer’s fish 50 25 
Dealer’s fish 50 15-25 
Cleve. fish 40 15-25 


No. of 
survivors 


Cleve. fish 15 
with tumors 


15-25 


EY 
SOW KH SW OO 


the event that a virus might be present in the tis- 
sues of the fish that would be activated by the 
wound, as is true of some plant tumor viruses (3). 
Because these experiments were carried out in the 
fall of the year, it was possible to cool the water 
sufficiently to check the infestation without resort 
to potassium permanganate. 

Although approximately half of the animals 
survived over 6 months after infestation, no tu- 
mors were observed to develop at the site of injury 
produced by the copepod. Histologically, an acute 
inflammatory response in the host tissue enveloped 
the parasite. After several weeks the body of the 
parasite sloughed out and the wound healed, leav- 
ing no trace of previous injury. 


CHRONIC IRRITATION AND TUMOR GENESIS 


All the fish used in the copepod experiments and 
listed in Table 3 were identified by a numbered 
metal clip attached to the operculum (Fig. 4). 
This served as a chronic irritant to the delicate gill 
filaments immediately beneath the tag, to the 
body surface behind it, and to the operculum in 
which the tag was fastened. The gill tissues re- 
sponded with chronic inflammatory changes fol- 
lowed by repair in which hyperplasia of the pave- 
ment epithelium was a prominent feature. Granu- 
lation tissue formed about the clip in the opercu- 
lum, but nothing that suggested neoplastic change 
could be recognized. No evidence for activation of 
a virus or other carcinogenic agent was obtained. 


GENETIC Factors In Tumor GENESIS 


The possibility that genetic factors may play a 
role in the development of these peripheral nerve 
tumors must be seriously entertained. A considera- 
tion of this problem will be presented in the discus- 
sion. 

A pair of tumor-bearing fish were bred; of the 
offspring about 150 are living and are now 2 years 
old. No tumors have been seen on any of the fish, 
and, except for the occasional occurrence of a 
shortened or “‘pug”’ head, no somatic abnormalities 
were encountered. Since most of the tumor-bearing 
fish were over 5 years old when captured, it is pos- 


sible that tumors will yet appear in the young 
goldfish. 


DISCUSSION 


Neurofibromatosis of von Recklinghausen in 
man is characterized by the occurrence of multiple 
cutaneous and visceral neurofibromas and neu- 
rilemomas with focal areas of pigmentation in the 
skin. Associated with these classic lesions there 
may be a variety of neuroectodermal tumors and 
developmental anomalies (14). 

In some measure the features of human neuro- 
fibromatosis are reproduced in these goldfish. In 
the fish as in man the common neurogenic tumors 
are cutaneous neurofibromas and neurilemomas; 
visceral nerve sheath tumors are occasionally 
found. Malignant neurilemomas are encountered 
in about 10-15 per cent of the cases in both man 
and the goldfish. The melanoblasts found in some 
human neurofibromas are often abundant in the 
tumors of the goldfish. The possible relation of 
these pigmented neurilemomas of the fish to the 
pigmented moles of man (quite frequent in von 
Recklinghausen’s disease) has already been noted. 
The diffuse involvement of the corium found in 
some patients with neurofibromatosis produces a 
great thickening of the skin called elephantiasis 
neuromatosis. A histologically similar though 
grossly much less pronounced lesion has been seen 
on the head and anterior trunk of several goldfish 
(Figs. 18 and 19). 

In addition to the nerve-sheath tumors two in- 
teresting abnormalities were observed in these 
goldfish; viz., polycystic kidneys (28) and buph- 
thalmos (29). Of eleven fish with polycystic kid- 
neys, three bore neurofibromas or neurilemomas. 
The cysts varied in size and in one of the three 
tumor-bearing fish filled and greatly distended the 
abdominal cavity (Fig. 23). In this instance the 
fish had five cutaneous neurofibromas, of which 
two were pigmented. Renal malformations have 
also been described in patients with von Reckling- 
hausen’s disease (41). 
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Neurofibromas at the sclero-corneal junction 
are of frequent occurrence in these fish (29). The 
tumors were nearly always unilateral and in ten of 
twelve cases were associated with nerve-sheath tu- 
mors elsewhere on the body. Other ocular abnor- 
malities resembling keratoconus and buphthalmos 
in man were observed in 20-30 per cent of the 
goldfish from the Cleveland lagoon. These con- 
genital abnormalities and ocular neurofibromas 
have also been seen in human cases of neuro- 
fibromatosis (5). 

In conclusion, the high incidence of nerve sheath 
tumors, some intimately associated with pigment 
cells, as well as the occurrence of developmental 
abnormalities in these isolated and probably in- 
bred goldfish, resembles von Recklinghausen’s 
neurofibromatosis in man. A genetic background, 
recognized in the human patient with this syn- 
drome, may also be present in the goldfish. 


SUMMARY 


Approximately 8-10 per cent of the goldfish in 
an urban lagoon exhibit nerve-sheath tumors. Of 
53 tumor-bearing fish, 31 had two or more tumors. 
These were classified as neurilemomas and neuro- 
fibromas; seven were histologically malignant. 
Melanophores were present in several of the neo- 
plasms; the question of the neural crest origin of 
both the pigment cells and the Schwann cells was 
considered. All the tumors were subcutaneous with 
two exceptions: in one fish two large neurilemomas 
occupied the abdominal cavity, in another a neu- 
rilemoma arose from the second right gill arch. 


Fics. 1-7: Representative tumors. 


Fic. 1.—A neurilemoma on the caudal fin; the tumor, which 
measured 3X2X2 cm., slowly increased in size over a period 
of 123 days. (Goldfish 7.) 


Fic. 2.—A hemorrhagic and histologically malignant neu- 
rilemoma that arose on the trunk immediately behind the 
operculum. (Goldfish 5.) 


Fic. 3.—Photograph of fish shown in Figure 2 taken 25 
days later; rapid increase in size of the tumor is apparent. 
Tissue removed at this time grew well in vitro, but attempts 
at auto- and homoiotransplantation were unsuccessful. (Gold- 
fish 5.) 


Fic. 4.—A neurilemoma on the snout and another on the 
dorsum of the tail anterior to the caudal fin; histologically both 
tumors showed nuclear palisading. The fish was observed for 
110 days; during that interval there was only slight increase 
in size of the tumors. Growth in tissue culture was poor. 


(Goldfish 30.) 


Fig. 5.—A_ pedunculated neurilemoma. During the 10 
months following amputation of the tumor at the base of the 
pedicle there was only slight local recurrence. Growth in tissue 
culture was poor. (Goldfish 38.) | 


Fig. 6.—Loose reticulated area from preceding tumor re- 


Growth in tissue culture was often abundant. 
Acquisition of the morphological characteristics of 
a macrophage by nerve sheath cells growing in 
vitro as reported by Weiss is also suggested in cul- 
tures of the neoplastic Schwann cells of the gold- 
fish. | 

The auto-, homoio-, and heterologous trans- 
plants of this tumor failed to grow, with the excep- 
tion of a single autotransplant to the anterior 
chamber of the eye. Attempts to determine the 
presence of a carcinogenic agent by transmission 
experiments, including infestation with a parasitic 
copepod, were likewise negative. 

Congenital anomalies including polycystic kid- 
neys, keratoconus, and buphthalmos occurred in 
some of the tumor-bearing fish as well as in other- 
wise normal goldfish from the same pond. The fre- 
quency of congenital lesions served to emphasize 
the fact that the fish were an isolated population 
probably subjected to considerable inbreeding and 
therefore had some genetic homogeneity. Although 
2-year-old offspring of a pair of tumor-bearing fish 
are still free of tumors, a possible genetic back- 
ground for both the tumors and the anomalies 
should be considered and a comparison drawn with 
von Recklinghausen’s neurofibromatosis in man. 


ACKNOWLEDGMENTS 


I am indebted to Mrs. Leonard Paul for technical assistance 
in the preparation of histologic sections and tissue cultures, 
and to Joe D. Humphrey for the photographs. The Ohio Divi- 
sion of Wildlife, Section of Fish Management, loaned valuable 
equipment for use in these studies. 


sembling Antoni type B tissue of human neurilemoma. Hema- 
toxylin and eosin (H. and E.) stain. Mag. 200. (Goldfish 38.) 


Fic. 7.—A different area from the same tumor, showing 
fasciculate arrangement of cells and a suggestion of nuclear 
palisading. This may be compared to Antoni type A tissue of 
human neurilemoma. H. and E. stain. Mag. X250. (Goldfish 
38.) 


Fias. 8-10: Ocular neurilemomas. 


Fic. 8.—A large, crescentric, very soft, hemorrhagic tumor 
involving most of the right cheek directly behind the eye. The 
tumor measured 3X2X1.5 cm. The cornea of the eye is 
thickened at its periphery by tumor tissue. Attempted homoio- 
transplantation of the cheek tumor was unsuccessful although 
it had the histological character of a malignant neurilemoma. 
(Goldfish 44.) 

Fic. 9.—Saggital section through the eyes of the goldfish 
shown in Figure 8. The cornea of each eye is greatly thickened 
by a neoplastic growth. (Goldfish 44.) 

Fic. 10.—Tumor replacing normal connective tissue of 
cornea shown in preceding figure. The corneal epithelium is in 
the upper left corner. The cytoplasm of the neoplastic cells is 
abundant, often vacuolated. Small intercellular vacuoles 
(microcysts ?) suggest a transition between tissue of Antoni 
type A and type B in the neurilemoma. H. and E. stain. Mag. 
X200. (Goldfish 44.) 
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Fics. 11-13: Neurilemomas with prominent nuclear 
palisading. 

Fig. 11.—Section of a 6X8X4 mm. neurilemoma that grew 
at the base of the caudal fin. Palisading of nuclei is very 
prominent. Van Gieson stain. Mag. 105. (Goldfish 32.) 

Fic. 12.—A pigmented tumor measuring 10X87 mm. 
grew at the base of the left pectoral fin. Section shows an area of 
nuclear palisading; branched pigment cells (melanophores) are 
absent. Bodian stain. Mag. X 135. (Goldfish 36.) 

Fic. 13.—Portion of an area of nuclear palisading shown in 
the preceding figure. Several of the sheath cells contain large 
numbers of melanin granules in their cytoplasm. See also 
Figures 23-25. Bodian stain. Mag. 335. (Goldfish 36.) 

Fics. 14-17: Visceral neurilemomas. 

Fic. 14.—Two large neurilemomas occupy most of the ab- 
dominal cavity. The intestine is displaced forward by the 
tumors and the swim bladder “B”’ lies above them. (Gold- 
fish 49.) 

Fias. 15 and 16.—Lateral and ventral views of a tumor that 
arose from the second gill arch and elevated the operculum. 
The tumor grew well in tissue culture, but homoiotransplants 
were resorbed. (Goldfish 28. ) 

Fic. 17.—Section of the neurilemoma shown in Figures 15 
and 16 is composed predominantly of the loosely arranged 
stellate cells of Antoni type B tissue. See Figure 36 for manner 
of growth in tissue culture. Mag. 165. (Goldfish 28.) 
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Fics. 18-22: Dermal neurofibromatosis. 

Fig. 18.—Goldfish showing nodular skin on the dorsum of 
the head. Clouding of the cornea is due to neurofibromatous 
infiltration. (Goldfish 98. ) 

Fic. 19.—Section through modular area of skin shown in 
preceding figure. The connective tissue of the corium has been 
replaced by irregularly arranged bundles of Schwann cells 
separated by greatly elongated pegs of epithelium. This may be 
compared to the diffuse neurofibromatosis identified in man as 
elephantiasis neuromatosa. H. and E. stain. Mag. 25. (Gold- 
fish 98.) 

Fic. 20.—Neurite in tumor area shown in Figure 19. 
Bodian stain. Mag. X300. (Goldfish 98.) 

Fig. 21.—Single scale showing a mammilated dermal 
thickening at its tip. Mag. <5. (Goldfish Kid. 7.) 

Fic. 22.—Section taken through thickening at tip of scale 
shows a diffuse proliferation of Schwann cells. The overlying 
epidermis is thin and composed chiefly of large clear clavate 
cells except where epithelial pegs extend downward. The lesion 
probably represents an early stage of that shown in Fig. 19. 
H. and E. stain. Mag. 75. (Goldfish Kid. 7.) 

Fics. 23-25: Pigmented neurofibromas. 

Fic. 23.—The abdomen is greatly distended by large bi- 
lateral polycystic kidneys (28). On the dorsum of the head, near 
the midline, is a flat nonpigmented neurilemoma. On the trunk 
are three pigmented neurofibromas, the largest of which lies 
just to the left of the midline immediately behind the head. 
(Goldfish 21.) 

Fic. 24.—Section of a pigmented tumor from the base of 
the left pectoral fin of goldfish No. 39. Much of the tissue 
pattern is obscured by large branching melanophores. H. and 
E. stain. Mag. 200. 

Fic. 25.—Same as Figure 24 but bleached before staining 
with hematoxylin and eosin. The cellular pattern is that of a 
neurofibroma. Mag. 200. (Goldfish 39.) 
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Fics. 26-32: Malignant neurilemoma. 

Fic. 26.—Binucleate tumor giant cell. H. and E. stain. 
Mag. 800. (Goldfish 21.) 

Fic. 27.—Tripolar mitosis in large tumor cell. H. and E. 
stain. Mag. X800. (Goldfish 1.) 

Fic. 28.—Abnormal mitosis in tumor cell. H. and E. stain. 
Mag. 800. (Goldfish 1.) 

Fic. 29.—Tumor cell in mitotic division. The chromosomes 
are larger than those normally seen in the goldfish and may 
represent diplochromosomes. H. and E. stain. Mag. 800. 
(Goldfish 5.) 

Fic. 30.—Section of a soft hemorrhagic tumor that occu- 
pied the dorsum of the tail directly behind the caudal fin and 
measured 3X4X2.5 cm. The cells are elongate, aligned in 
bundles; the nuclei are variable in size and shape. H. and E. 
stain. Mag. 210. (Goldfish 21.) 

Fic. 31.—Invasion of trunk muscles by tumor cells. The 
tumor grew on the right dorso-lateral surface of the body, in 
front of the dorsal fin. A central ulcer 2 cm. in diameter was 
surrounded by an elevated margin of yellow-white tumor 
tissue. H. and E. stain. Mag. X80. (Goldfish 37.) 

Fic. 32.—Malignant neurilemoma showing evidence of 
nuclear palisading. The tumor arose from the limbus of the 
right eye which it destroyed in a period of 5 months. Trans- 
plants to the eyes of other goldfish failed to grow. H. and E. 
stain. Mag. 300. (Goldfish 29.) 

Fics. 33-36: Growth of tumors in vitro. 

Fig. 33.—Cells wandering out of tumor explant after 4 days 
in vitro. Whether these cells represent macrophages or mono- 
eytoid Schwann cells cannot be determined. Compare with 
Weiss, 1944, Figure 6. H. and E. stain. Mag. X 450. Culture on 
coverslip. (Goldfish 1.) 

Fic. 34.—Growth of neoplastic Schwann cells after 6 days 
in vitro. Many are elongated and some are flask-shaped with 
the nucleus at one end. Compare with Weiss, 1949, Figure 5. 
H. and E. stain. Mag. 300. Culture on coverslip. (Goldfish 
1.) 

Fic. 35.—Cells bearing melanin granules leaving explant 
after 13 days in vitro. These cells probably represent macro- 
phages that have phagocytized melanin liberated from de- 
generating melanophores in the explant. However, see text for 
discussion and Fig. 23 for appearance of tumor. H. and E. stain. 
Mag. 450. Culture in roller tube. (Goldfish 31.) 

Fic. 36.—Growth, after 7 days in ritro, of tissue from tumor 
that arose on a gill arch (Figs. 15-17). The cells have assumed 
an elongate shape approaching that characteristic of human 
Schwann cells growing in vitro. H. and E. stain. Mag. 400. 
Culture in roller tube. (Goldfish 28.) 
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Fics. 37-39: Autotransplant of neurilemoma. 

Fic. 37.—Tumor transplant in anterior chamber of eye 
after 3 weeks rapid growth that followed 3 months of qui- 
escence. The primary tumor was a histologically malignant 
neurilemoma that grew on the head of this fish. Mag. 4. 
(Goldfish 1. ) 

Fic. 38.—Histological section of transplant showing its 
attachment to the iris. H. and E. stain. Mag. X10. (Goldfish 1.) 

Fic. 39.—Higher magnification of section shown in the pre- 
ceding figure. The tissue was clearly viable at the time of 
fixation and closely resembles the histological appearance of 
the primary tumor. H. and E. stain. Mag. 310. (Goldfish 1.) 

Fics. 40-43: Copepod infestation and neoplasia. 

Fic. 40.—Large neurilemoma on tail of goldfish. Scattered 
over the trunk and tail are numerous adult copepods; a bit 
of black paper was placed under several to make them more 
distinct. (Goldfish 8.) 

Fic. 41.—Section of tumor shown in previous figure. The 
plane of the section passes lengthwise through an adult cope- 
pod embedded in the tumor. H. and E. stain. Mag. X10. 
(Goldfish 8.) 

Fic. 42.—Adult female copepod; the two egg cases are seen 
at the caudal end; on the right are the large T-shaped hooks 
about the rostrum. Mag. 8. 

Fia. 43.—Dealer’s goldfish showing heavy experimental in- 
festation with copepods. Natural size. 
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Neoplastic Diseases in Infants and Children* 


Epwin A. LAwrENCE AND EucENnE J. DoNLAN 


(Department of Surgery, Indiana University Medical Center, Indianapolis, Ind.) 


The predominant malignant neoplasms of in- 
fants and children arise from tissues of mesen- 
chymal origin, in contrast to the characteristic 
epithelial malignant tumors of adults. A sound ex- 
planation for this apparent influence of age on 
tumor types would be a significant contribution to 
oncology. It has been suggested that age alone has 
little effect on the development of sarcomas and 
that the incidence of sarcomas varies only slightly 
from age 15 to age 75, if percentage corrections are 
made on the proportionate number of persons liv- 
ing in various age periods (21). However, age is 
definitely important in the development of car- 
cinomas. They are rare in infancy and childhood, 
begin to be prominent aberrant growths in late 
youth and early adult years, and reach their peak 
of frequency in the middle decades of life. Their 
increasing incidence with age supports the con- 
cepts of carcinogenesis in the human that were so 
ably presented by Cramer (4). If one accepts the 
ramifications of his theories and recognizes the im- 
portance of the time element in carcinogenesis, it is 
not difficult to understand why carcinomas are not 
prominent neoplasms in the first decade of life. 

Explanations for the origin of human carcino- 
mas have not proved adequate for the origin of the 
sarcomas. Even though the belief that childhood 
tumors arise from embryonal rests continues to 
receive support (1, 12), it is not inconceivable that 
an influence on mesenchyme in intra-uterine life is 
equally important, thus explaining the greater 
numbers of malignant tumors reported in the first 
5 years of life than in the subsequent two 5-year 
periods. On the other hand, if the incidence of sar- 
coma does not vary significantly in later age pe- 
riods as has been stated, it is difficult to under- 
stand how the effects of an adverse intra-uterine 
milieu could be delayed until late adult life. 

Our limited knowledge of the methods of origin 
of malignant neoplasms of infants and children 
may be due in part to their rarity. Farber (10) has 
stated that the 301 histologically verified malig- 
nant tumors, excluding the leukemias, studied dur- 
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ing a recent 10-year period at The Children’s Hos- 
pital in Boston constituted only 0.6 per cent of the 
total admissions. Certainly, such tumors do not 
form a significant component of the illnesses in the 
average pediatrician’s practice or of a pediatric or 
surgical service in a general hospital. Although 
Duzan (9) as early as 1876 analyzed 182 cases that 
had been recorded in the literature from 1832 to 
1875, subsequent reports were sporadic (5, 16, 22, 
30), and, even as late as 1947, material was col- 
lected from only nine institutions (6). It included 
a “‘combined” series of 1,770 cases of childhood 
cancer from seven institutions, a group of 116 fatal 
malignant tumors from the Chicago Memorial 
Hospital, and 103 fatal tumors from the Univer- 
sity of Chicago (29). Together with discussions of 
506 malignant tumors by Dargeon in 1948 (7), of 
467 by Fleming and Pearce (11) in 1949, of 144 by 
Anderson and Martin (2) and 768 benign and 175 
malignant tumors by Andersen (1), both in 1951, 
they constitute the recent major surveys of neo- 
plasms in infants and children. 

Stimulated by knowledge of their rarity and of 
the benefit that may be derived from further sur- 
veys of this character as additive source materials 
on the subject, we are herein reporting the benign 
and malignant tumors seen at the James Whit- 
comb Riley Memorial Hospital, the children’s hos- 
pital at the Indiana University Medical Center. 

The disease categories admitted to any medical 
institution will in a certain sense be selected and 
influenced by such factors as its geographic loca- 
tion, racial and other characteristics of the patient 
constituency it serves, and the scientific interests 
of its professional personnel. Andersen has illus- 
trated this selection by showing how the adminis- 
tration of her institution makes her case material 
deficient in tumors of the eye, central nervous sys- 
tem, and bone. The Riley Hospital has also se- 
lected its patients, but in a unique manner. First, 
it is a state institution and accepts only a minimal 
number of patients from outside Indiana. Second, 
it is administered for the care of the indigent pa- 
tient, and nearly all the children admitted to it 
have been from families who were not economi- 
cally favored. Within these limitations, it has ad- 
mitted children 15 years of age and under. 
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The institution was opened in November, 1924, 
and from then to June 30, 1951, there were 85,895 
admissions to it. There were 1,409 patients with 
tumors, a number that is probably a significant 
numerical and medical sample of all children’s 
tumors in this state in the 27-year period. 

The age and sex distribution of the major 
pathological groups are indicated in Table 1. The 


TABLE 1 
SEX AND AGE DISTRIBUTION 


Character of tumor 


and age periods Males Females Totals 
Benign: 

Under 1 yr. 108 210 318 
1l— 4 yrs. 97 95 192 
5-9 61 62 123 

10-15 “ 94 111 205 

Totals 360 478 838 
Malignant: 

Under 1 yr. 9 9 18 
1l— 4 yrs 51 35 86 
5- 9 “ 27 20 47 

10-15 “ 36 35 71 

Totals 123 99 222 
Leukemia: 

Under 1 yr. 8 12 20 
1— 4 yrs. 47 26 73 
5-9 * 20 10 30 

10-15 “ 15 10 25 

Totals 90 58 148 
Brain and spinal cord: | 

Under 1 yr. 8 2 10 
1l— 4 yrs. 40 26 66 
5-9 * 35 30 65 

10-15 “ $2 28 60 

Totals 115 86 201 
GRAND TOTALS: 688 721 1,409 


benign neoplasms and the sex distribution of the 
total series were weighted heavily by the heman- 
giomas, 388 of which were recorded. Two hundred 
and forty-six of them occurred in infants under 1 
year of age, 174 in females and 72 in males. Al- 
though females dominated in the total hemangio- 
ma category in a proportion of over 2 to 1, this dis- 
tribution does not necessarily represent, in our 
opinion, a truly greater incidence of hemangiomas 
in females, but perhaps a recognition by parents of 
a potentially greater economic liability in later life 
of a disfigured female child. The weighting from 
the female hemangioma group was in contrast to 
the sex incidence in the other groups where in 
general it was noted that males predominated. 
The anatomic classification of all categories of 
neoplasms is indicated in Table 2. In addition to 
skin, the hemangiomas contributed a large propor- 
tion of the benign neoplasms of somatic soft tissues 


and the oral cavity, as well as eight of the benign 
neoplasms of the genito-urinary system because of 
involvement of the external genitalia. Dermoid 
cysts, fibromas, and naevi were prominent ex- 
amples of other benign skin tumors. The lym- 
phangiomas, including the cystic hygromas, con- 
tributed 49 of the benign tumors of somatic soft 
tissue. Others were lipomas, fibromas, and neuro- 
mas. Benign tumors of bone were osteochondro- 
mas, chondromas, cysts, osteomas, and giant-cell 
tumors. Dermoid cysts accounted for sixteen of the 
eighteen benign tumors in the eye and orbit. 


TABLE 2 
ANATOMICAL CLASSIFICATION 

Anatomical area Benign Malignant Total 
Skin 451 5 456 
Somatic soft tissue 142 42 184 
Hematopoietic system 148 148 
Bone 101 44 145 
Oral cavity and pharynx 54 8 62 
Genito-urinary system 16 38 54 
Eye and orbit 18 26 44 
Larynx and lung 36 2 38 
Lymphoid tissue 29 29 
Endocrine glands 10 12 22 
Gastro-intestinal system 5 10 15 
Nasal cavity 6 6 
Breast 5 5 
Brain 190 
Spinal cord 11 

Totals 838 370 1,409 


Thirty-five of the 36 in the larynx and lung group 
were papillomas of the larynx. All ten in the en- 
docrine system were adenomas—eight in the thy- 


roid and one each in the parathyroid and adrenal. 


Three of the gastro-intestinal tract group were 
carcinoids of the appendix, and two were polyps of 
the large intestine. All the breast tumors were 
fibroadenomas. 

The malignant neoplasms are classified anatom- 
ically in Table 2 and pathologically in Table 3. 
The lymphoid tissue group includes only the cases 
where lymph nodes seemed to be involved pri- 
marily and does not include the lymphosarcomas 
that seemed to arise elsewhere, such as in the in- 
testine. All the lymphomas and the leukemias con- 
stituted 192, or 51.6 per cent, of the 370 malignant 
neoplasms, a larger proportion than has been re- 
ported in some of the other series. On the other 
hand, the malignant bone group is smaller in pro- 
portion than Dargeon’s combined series (6), ac- 
counting for 11.6 per cent as contrasted to his 20.6 
per cent. Twenty-one of the malignant genito- 
urinary tumors were Wilm’s tumors of the kidney 
that have been reported by Garrett and Mertz 
(13). Eight of the remainder were sarcomas of the 
bladder, kidney, prostate, and uterus; three were 


5 
a 
4 
a 
. 
¥ 
‘ 
: 
Lf 
‘ 
pee 
¢ 


902 Cancer Research 


carcinomas of the testicle; and two each were 
malignant teratomas of the ovary and testicle and 
unclassified carcinomas of the kidney. In addition 
to the retinoblastomas, there were two malignant 
melanomas of the eye, one neuro-epithelioma, one 
spongioblastoma, and one reticulum-cell sarcoma 


TABLE 3 


PATHOLOGICAL CLASSIFICATION 
Malignant Neoplasms 


Leukemia 148 


Sarcoma 87 
Unclassified 
Osteogenic 
Fibrosarcoma 
Rhabdomyosarcoma 
Round cell 
Fibromyxosarcoma 
Leiomyosarcoma 
Kaposi's sarcoma 
Neurogenic 


wo wos 


Lymphoma 4 
Lymphosarcoma 
Reticulum-cell sarcoma 
Hodgkin’s disease 


Retinoblastoma 21 
Wilm’s tumor 21 
Carcinoma 12 
Neuroblastoma 12 
Ewing’s tumor 10 
Malignant teratoma 
Malignant melanoma 5 
Neuroepithelioma (retina) 1 
Spongioblastoma (optic nerve) 1 


Total 370 


of the orbit. Sixteen lymphosarcomas, eight Hodg- 
kin’s disease, and five reticulum-cell sarcomas 
comprised the group of lymphoid tissue tumors 


that we considered arose in lymph nodes. All the 


malignant neoplasms in the endocrine glands were 
in the adrenal gland—ten neuroblastomas, one 
carcinoma, and one unclassified sarcoma. Among 
the malignant gastro-intestinal tumors there were 
two carcinomas of the colon; a carcinoma and an 
unclassified tumor of the liver, five lymphosarco- 
mas and an unclassified sarcoma. Two of the nasal 
cavity malignant neoplasms were carcinomas, and 
four were unclassified sarcomas. 

The pathological classification of the neoplasms 
exclusive of the benign tumors and of those arising 
in the brain and spinal cord clearly indicates the 
importance of the leukemias. The tumors whose 
tissue of origin could not be identified, but which 
clearly were sarcomatous, are listed as unclassified 
sarcomas. The relative infrequency of the car- 
cinomas is emphasized in Table 3, and the organs 
from which they originated are indicated in Table 
4. It is of some interest that we have seen no car- 
cinomas of the thyroid, although Horn and Rav- 
din (17) report only four cases in patients 15 years 
of age and under. 


The pathological classifications of the neoplasms 
in the brain and spinal cord are indicated in Table 
5. Tissue was available on two of the 56 unclassi- 
fied tumors of the brain, but it could not be classi- 
fied. It was not available in the remaining 54, but 
27 of them died with disease. The remaining 27 
could not be traced. Tissue was also studied patho- 
logically on the three unclassified tumors of the 
cord, but in none could a specific diagnosis be made. 
All three patients died. The incidence in the brain is 
somewhat different from that described by Bailey 
et al. (3), who found that the astrocytoma was the 
most common tumor in this age group, followed in 
order by the medulloblastoma, spongioblastoma, 
and ependymoblastoma. 


TABLE 4 


PHYSICAL DISTRIBUTION 
OF CARCINOMAS 


Location No. cases 


Testicle 3 
Kidney 

Nose and nasopharynx 2 
Transverse colon 1 
Sigmoid colon 1 
Liver 1 
Skin of face 1 
Adrenal 1 


TABLE 5 


PATHOLOGICAL CLASSIFICATION OF BRAIN 
AND SPINAL CORD TUMORS 


Spinal 
Pathological type Brain cord 

Medulloblastoma 42 
Astrocytoma 35 
Spongioblastoma 29 
Ependymoma 7 
Pinealoma 7 
Craniopharyngioma 6 
Hemangioblastoma 4 
3 

1 

6 


Papilloma of choroid plexus 
Neuroma 
Meningioma 


Unclassified 5 
Totals 190 


= | 
| CO 


An analysis of the incidence of the four types of 
neoplasms in relation to the total tumor admis- 
sions and classified in 3-year periods is presented in 
Chart 1. The changing importance of the leu- 
kemias in this 27-year period is of interest and is 
statistically significant. In the 1927-1930 period, 
for example, there were five leukemias admitted, 
whereas from 1948 to 1951 there were 41. In an as- 
sociated study of the mortality records of the In- 
diana State Department of Health by Mr. Vern 
Robinson for the years 1924—1950, inclusive, it was 
found that there were 474 reported deaths from 
leukemia and 636 from other malignant tumors. 
The increasing frequency with which fatalities 
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from these diseases are recorded in his analysis is 
illustrated by the fact that in the 3-year period, 
1924-1926, there were 63 reported deaths from 
malignant tumors and 23 from leukemia, whereas 
in the period 1948-1950 there were 113 and 111 
deaths, respectively. The increase in the reported 
leukemia deaths was particularly striking in the 
age group of 4 years and under where it rose from 
ten to 71, whereas in the age period 5-14 years 
it rose only from 13 to 40. The population of the 
state increased 27.5 per cent in the same period of 
time, although information on the change in age 
groups is not available. 


DISCUSSION 


The discovery of carcinogenic agents and their 
application to human cancer has illuminated the 
method of origin of many human carcinomas. The 
fact that the carcinoma is a rare tumor in infants 
and children supports the theory of carcinogenesis 
in so far as the time factor is concerned. Further- 
more, the frequency of all types of neoplasms— 
benign, malignant, leukemia, and brain and spinal 
cord (Table 1) in the first 5-year period of life, as 
compared to the two subsequent 5-year periods— 
suggests either an adverse environment in intra- 
uterine life or shortly thereafter or an aberration of 
embryology. 

Although the studies of Gregg (15) that associ- 
ated congenital cataracts and rubella and the ex- 
periments of Duraiswami (8) with insulin showed 
that intra-uterine environment could be respon- 
sible for congenital deformities of the new-born, 
the origin of congenital neoplasms in the infant 
human has not been correlated with a similar ab- 
normal environment. With the exception of tu- 
mors of retinal origin, Wells (31) was able to ac- 
cept without reservation only 66 of the congenital 
neoplasms reported in the literature. As a possible 
explanation for other neoplasms in infants, he sug- 
gested that there may be some relationship be- 
tween the type of metabolism represented by the 
high glycolytic activity of such tissues as brain and 
renal medulla and the occurrence of such tumors 
as the neuroblastoma and nephroblastoma. 

Nevertheless, the origin of the majority of the 
malignant neoplasms in children is unexplained, 
even though sensitivity of embryonic tissue to car- 
cinogenic agents has been demonstrated. Atten- 
tion was called to this characteristic by Greene 
(14) in 1945 in a report of a study of the car- 
cinogenic action of methylcholanthrene on homol- 
ogous transplants of embryonic lung, stomach, in- 
testine, skin, muscle, and cartilage. It appeared 
significant to him that such embryonic tissues un- 
derwent carcinogenic changes within 35 days, 


whereas 90-200 or more days were required for 
similar changes in adult tissue. : 

The extensive investigations of Smith and Rous 
(23, 25, 26, 27) of the same problem have shown 
that embryonic lung, epidermis, and stomach are 
not only sensitive to the carcinogenic activity of 
methylcholanthrene when transplanted to an adult 
host, but also to benzpyrene and dibenzanthra- 
cene. Moreover, embryonic prostate and thyroid 
seem to share the sensitivity. 

Of even greater interest with respect to our 
present report are the experiments with urethan 
that indicate it will act through the placenta as a 
carcinogenic agent to the embryo. Larsen (20) 
found that when pregnant strain A mothers were 
treated with urethan, their offspring, at 6 months 
of age, had developed lung tumors in significantly 
greater numbers than the controls; and that the 
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Cuart 1.—Tumor admissions grouped in 3-year periods 


incidence of tumors was greatest in the group born 
within 24 hours of treatment. Smith and Rous 
(28), working on the same problem with strain C 
mice, several times noted pulmonary adenomas in 
mice sacrificed at 3 days of age. At 10 days the 
adenomas had attained considerable size. Further- 
more, Klein (19) has indicated that mice related to 
the strain A animals that were delivered by 
caesarean section and fostered by untreated moth- 
ers had essentially the same frequency of pul- 
monary tumors as those that were nursed by 
treated mothers. Such data assume even greater 
importance when considered with the preliminary 
evidence presented by Shay et al. (24) that malig- 
nant lymphomas developed in young rats nursed 
by mothers fed methylcholanthrene by stomach 
tube. 

It thus seems clear that several types of em- 
bryonic tissue have a high degree of sensitivity to 
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carcinogenic agents and that some carcinogenic 
agents can be transmitted to the embryo through 
its mother. 

Perhaps these experimental carcinogens, or 
others, have a similar effect on the human embryo 
if properly activated through the mother. The 
acute leukemias are an example of a disease that 
may have such an origin and offer interesting pos- 
sibilities for further epidemiological and clinical 
experimental studies. The fact that radiant energy 
and benzol poisoning may cause leukemia in the 
adult (18) suggests similar influences in the unborn 
infant. 

The increasing rate of admissions of patients 
with leukemia to the Riley Hospital and of deaths 
from leukemia in the state should not necessarily 
be construed as indicating an increasing incidence 
of the disease in children, but may be owing only 
to better recognition of it. Nevertheless, leukemia 
appears to be a disease of ever greater impor- 
tance, and, since methods for its control are totally 
unsatisfactory, it would seem prudent to exert a 
more intensive study of its epidemiology and of its 
possible origin from carcinogenic stimulation in 
the prenatal period. 


SUMMARY 


1. A series of 1,409 patients with benign and 
malignant tumors seen at the James Whitcomb 
Riley Hospital from November 1, 1924, to July 1, 
1951, is presented. 

2. Anatomic and pathologic features of the 
group are tabulated. 

3. Theoretical explanations for the greater inci- 
dence of neoplasms in the first 5 years of life than 
in the subsequent 5-year periods are discussed. 

4. The increasing admissions of the leukemias 
and the increasing reported death rate from them 
in the state of Indiana have been discussed and 
possible explanations for them presented. 
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The Influence of Dietary Casein Level on Tumor 
Induction with 2-Acetylaminofluorene” 


R. W. ENGEL D. H. CopeELANp 


(Department of Animal Husbandry and Nutrition, Agricultural Experiment Station of the Alabama 
Polytechnic Institute, Auburn, Ala.) 


INTRODUCTION 


The present experiments were conducted to de- 
termine the carcinogenicity of 2-acetylamino- 
fluorene when it was fed in partially purified diets 
that varied in casein level between 9 and 60 per 
cent. Studies involving this broad range of dietary 
protein level have not been reported previously 
with this carcinogen. 

Harris (7) concluded that variations in dietary 
protein level had no appreciable effect on the pro- 
duction of liver tumors with 2-acetylaminofluorene 
in rats. Purified diets containing 13 and 20 per cent 
of casein were employed. Morris and associates 
(10) found that rats developed more tumors when 
purified diets containing 18—24 per cent of casein 
were used than when the diet contained 12 per cent 
of casein. 7 

In these studies, it was noted that dietary pro- 
tein levels in the range used by the above investi- 
gators had no influence on tumor induction by 
2-acetylaminofluorene. However, it was observed 
that diets containing 40 or 60 per cent of casein 
had a definite protective effect against the induc- 
tion of mammary tumors and possibly other types 
of tumors. 


PROCEDURE AND RESULTS 


Weanling female rats of the Alabama Experi- 
ment Station (AES) strain, 40-60 gm. in body 
weight and 20-22 days old, were used. They were 
kept in individual screen-bottomed cages. Fresh 
feed and water were supplied daily, ad libitum. A 
record of feed consumption was kept during the 
first 16 weeks of the experiment. The animals were 


* Published with the approval of the Director of the 
Alabama Agricultural Experiment Station. This work was 
supported in part by a grant from the Nutrition Foundation, 
Inc., New York City. 

The preliminary results of this study were presented at the 
scientific meetings of the American Association for Cancer 
Research, Inc., Atlantic City, N.J., April 16-18, 1950 (Cancer 
Research, 10:215, 1950). 
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weighed and examined for visible tumors at weekly 
intervals. 

The basal diet had the following percentage 
composition: alcohol-extracted casein, 9.0; de- 
germinated corn grits, 20.0; sucrose, 50.7; salts, 
4.0; lard, 15; L-cystine, 0.3; and cod liver oil, 1.0. 
Fifty ml. of an aqeous solution containing the fol- 
lowing vitamins (mg.) was mixed into each kilo- 
gram of the dry ingredients: thiamin, 2; riboflavin, 
4; pyridoxine, 6; calcium pantothenate, 10; niacin, 
20; 2-inositol, 200; and choline chloride, 2,000. 
Alpha-tocopherol and a-tocopheryl acetate were 
mixed into the cod liver oil to furnish 25 mg of 
each/kg of diet. All diets contained 300 mg/kg of 
2-acetylaminofluorene, which was added to the 
fat-free dry ingredients in acetone solution and the 
solvent removed with an air current. 

Increases in the casein component of the diet 
were at the expense of equal weights of the sucrose 
component. The other dietary changes that were 
tried are given in Table 1. 

The basal diet is similar to diet C-5 used in 
earlier studies (2—5), except that the supplement of 
pyridoxine was increased from 2 mg to 6 mg/kg of 
diet to eliminate the possibility of the occurrence 
of a deficiency of this vitamin on the high casein 
diets. Varying the pyridoxine supplement between 
2 and 10 mg/kg of diet was demonstrated in pre- 
liminary trials to be without influence on the car- 
cinogenicity of 2-acetylaminofluorene. 

The animals were continued on experiment 
until they died, unless indicated otherwise. At ter- 
mination, all tumors and grossly abnormal tissues 
were carried through routine procedures for his- 
tologic study; a complete description of the autop- 
sy material will appear in another publication. 

The present results confirm the earlier observa- 
tions (2-5), in that a high incidence of mammary 
tumors was obtained when the 9 per cent casein 
diet was fed (Table 1, groups 1 and 11). When this 
diet was fed, liver and ear duct tumors appeared 


1W. D. Salmon, J. Nutrition, 33:155, 1947. 
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with about the same frequency as reported earlier. 

Increasing the dietary protein to 12, 20, or 27 
per cent had no influence on the final incidence of 
mammary, ear duct, or liver tumors (groups 2, 3, 
and 6). However, when the dietary casein was in- 
creased to 40 or 60 per cent, there was a marked re- 
duction in the incidence of mammary tumors 
(groups 4 and 5) when the food consumption was 
about equal to that on the lower protein diets 


tein diet again resulted in a marked protection 
against mammary tumor induction by 2-acety]- 
aminofluorene (group 12). With ad libitum feed 
consumption of the 60 per cent casein diet, a mod- 
erately high incidence of mammary tumors again 
occurred (group 13). | 
Irrespective of the level of feed consumption 
and the growth rate, the 60 per cent casein diets 
had a real and beneficial effect on survival. Ani- 


TABLE 1 


INFLUENCE OF DIETARY CASEIN LEVEL ON TUMOR INDUCTION 
BY 2-ACETYLAMINOFLUORENE (AAF) 


DIETARY Av. DAILY INTAKE Av. 
CASEIN Av. BODY WEIGHT PER RAT SUR- 
Exp. Group LEVEL Initial 16 wks. Feed AAF No. No. RATS WITH TUMORS VIVAL 
NO. NO. (per cent) (gm.) (gm.) (gm.) (gm.) RATS Mammary Ear duct Liver None (wks.) 
1 9 52 173 6.6 1.98 17 14(22)* 12(25)* 10 0 27 
g 20 51 197 7.0 2.10 8 7(21) 5(25) 4 0 28 
1 3 Q7 49 210 7.0 2.10 4 3(21) 2(24) 3 0 30 
4 40 49 196 7.0 2.10 8 2(25) 3(28) 4 0 32 
5 60 53 168 6.5 BS 9 0 2(37) 4 3 407 
6 12 48 198 7.2 o. 18 16(19) 12(%4) 8 0 27 
7 56 216 7.6 6 6(20) 3( 25) 0 28 
8 12§ 57 220 7.6 S. 6 6(21) 4( 24) 3 0 27 
9 60 47 222 aie g. 6 5(23) 4(31) 4 0 42 
3 10 60# 46 216 8.0 2. 12 10(18) 7(23) 4 0 32 
ll 9 47 162 6.2 1.86 7 5(21) 4(24) 5 0 28 
4 12|| 60 48 184 6.4 1.92 8 1(31) 3(31) Q 3 32** 
13 60 46 214 7.2 2.16 8 5(25) 6(29) 4 0 32** 


* The numbers in parentheses are the average tumor induction periods in weeks. 
t All these animals were still alive after the 40-week experimental period. They were sacrificed at that time to determine the liver tumor incidence. 


t The diet was supplemented with 1 per cent of desoxyribonucleic acid. 
§ The diet was supplemented with 5 per cent of yeast nucleic acid. 


# The diet was supplemented with 30 yg. of vitamin Biz and 2 mg. of folacin per kilogram. 


|| Rats of this group were pair-fed with those of group 11. 


** All these animals were still alive after the 32-week experimental period. They were sacrificed at that time to determine the incidence of liver tumors. 


(groups 1 and 11). When the 60 per cent casein diet 
(group 5) was used, three out of nine animals re- 
mained tumor-free for 40 weeks, whereas on the 
low protein diets all animals had tumors of one or 
more types, usually by the 25th week, and the 
average survival was only 27 weeks. 

In contrast with the marked reduction in mam- 
mary tumors in group 5 is the high incidence of 
mammary tumors in group 9, which was also fed 
the high casein diet but which consumed larger 
amounts of feed and gained weight more rapidly. 

To test the relation of mammary tumor induc- 
tion to body weight gain and feed consumption 
level, the study represented by groups 11, 12, and 
13 was conducted. Animals in groups 11 and 13 
were allowed to consume their diets ad libitum. 
The animals in group 12 were paired with those in 
group 11, and the feed offered to those on the 60 
per cent casein diet (group 12) was limited to the 
amount consumed by those on the 9 per cent casein 
diet (group 11). With equalized caloric intakes 
(viz., equalized feed intakes), the 60 per cent pro- 


mals receiving this diet survived 40 weeks or long- 
er, whereas those on the 9 per cent casein diet were 
usually dead by the 30th week. Supplementation 
of the 60 per cent casein diet with vitamin By. and 
folacin? hastened the induction of mammary tu- 
mors (group 10). This supplement also appeared to 
intensify the toxicity of the carcinogen, since it re- 
duced the average survival period from 42 weeks 


to 32 weeks. 


Supplementing the 12 per cent casein diet with 
desoxyribonucleic acid or with yeast nucleic acid 
(ribonucleic acid) did not influence the tumor in- 
cidence or induction time (groups 7 and 8). 

The influence of high protein intake on mam- 
mary tumor induction is emphasized when the re- 
sults with the 40 and 60 per cent casein diets are 
compared to the results obtained when the casein 
ranged between 9 and 27 per cent of the diet. The 
over-all incidence of mammary tumors in animals 


2 The folacin used in this study was donated by the Lederle 
Laboratories, Pearl River, New York, and all other vitamins 
were donated by Merck & Co., Inc., Rahway, N.J. 
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receiving the diets containing 9-27 per cent of pro- 
tein was 86 per cent (57 out of 66), contrasted with 
an incidence of 45 per cent (23 out of 51) for the 
animals on the high casein diets. The high casein 
diet, combined with restricted feed intake (groups 
4, 5, and 12), resulted in only three mammary tu- 
mors in 25 rats (12 per cent incidence), contrasted 
with an incidence of 80 per cent (nineteen of 24 
rats, groups 1 and 11) with a comparable feed con- 
sumption of the 9 per cent casein diet. 

There is suggestive evidence that the incidence 
of ear duct tumors may also be influenced. For ex- 
ample, the rats on the high casein diets had a 49 
per cent incidence of this tumor, contrasted with 
an incidence of 63 per cent in the remainder. More- 
over, the induction period for ear duct tumors was 
considerably longer in rats fed the high protein 
diets than in rats consuming similar amounts of 
the low protein diets. 

Likewise, there is suggestive evidence of a pro- 
tective effect of high protein diets on liver tumor 
induction. For example, on equalized feed intakes, 
five of seven animals in group 11 (9 per cent casein 
diet) had liver tumors in 28 weeks, whereas only 
two of eight in group 12 (60 per cent casein diet) 
had liver tumors in 32 weeks. However, the influence 
of dietary casein level on liver tumor induction 
could not be determined accurately in these 
studies, since many of the animals were kept on 
experiment to determine the influence of dietary 
protein level on survival. 


DISCUSSION 


It is possible that the protective effect of protein 
observed in the present study is mediated through 
the liver, and at least suggestive evidence was ob- 
tained to indicate that there was less liver damage 
on the high protein diets than on the low protein 
diets. Gutmann and associates (6) have recently 
. shown that the extent of disappearance of diazo- 
tizable material after the administration of 2- 
acetylaminofluorene in rats is dependent upon the 
amount of active liver tissue present. The role of 
dietary protein in carcinogenesis has received a 
great deal of attention, and excellent reviews are 
available (13, 14). It is generally agreed that the 
most striking protective effect of protein is on tu- 
mors originating in the liver, which are induced by 
the feeding of azo dyes (8, 9, 12). 

The present results cannot be explained on the 
basis of the dietary protein functioning as a de- 
toxifying agent for 2-acetylaminofluorene. At 
least, if this were the explanation, it would seem 
that high protein diets would have permitted bet- 
ter weight gains than the low protein diets, feed in- 
take being equal. Diets containing 12-27 per cent 


of casein were not protective against mammary 
tumor induction. They nevertheless promoted 
growth at least as good as that obtained with diets 
containing 60 per cent of casein. 

Since the mammary tumor-inhibiting effects of 
high protein diets could be largely overcome when 
a liberal amount of feed was consumed (viz., a 
higher intake of carcinogen), certain predictions 
might be made relating level of carcinogen intake 
to carcinogenicity. In every case, when the food in- 
take exceeded an average of 7.2 gm/rat daily (car- 
cinogen intake of 2.16 mg. or more daily), the pro- 
tective effect of high protein diets was largely 
overcome. When the food intake was restricted so 
that the daily intake of the carcinogen was limited 
to between 1.80 and 2.10 mg/rat daily, then a pro- 
tective effect of high dietary casein could be dem- 
onstrated. From these and earlier studies (4, 5), it 
can be further calculated (based on individual food 
consumption records) that a daily carcinogen in- 
take below 1.80 mg. will result in a low incidence of 
mammary tumors, even on the 9 per cent casein 
diet. At this low level of carcinogen intake, how- 
ever, the reduced incidence of mammary tumors 
is probably caused at least in part by the low 
caloric intake, as pointed out earlier (4). 

These evaluations serve again to emphasize the 
importance of controlling the levels of food and 
carcinogen intake when effects of dietary factors 
are to be tested. In this connection, it should be 
mentioned that the protective influence of the 
high casein diets may be due not to the protein it- 
self but rather to the decreased concentration of 
sucrose in such diets. 

Vitamin By and folacin had a very definite ef- 
fect in hastening the carcinogenic process, an ef- 
fect that can be explained on the basis of a high 
feed and high carcinogen intake. This supplement 
promoted earlier tumor development and almost 
completely eliminated the beneficial effects of high 
protein intake on survival. Vitamin By has been 
reported to enhance the carcinogenic effect of 4- 
dimethylaminoazobenezene (1), and it was noted 
in early studies that folacin (teropterin) hastened 
the induction of mammary tumors in rats fed 2- 
acetylaminofluorene (3). The growth of a trans- 
plantable mammary adenocarcinoma was, how- 
ever, inhibited more effectively when vitamin By 
or folacin was administered with 8-azaguanine 
than when the latter was administered alone (11). 


SUMMARY 
When weanling rats consumed a partially puri- 
fied diet containing 9 to 27 per cent of casein, 57 
out of 66 developed mammary tumors (86 per cent 
incidence). The daily intake of 2-acetylaminofluo- 
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rene ranged between 1.8 and 2.1 mg/rat. On a cor- 
responding intake of the carcinogen, diets contain- 
ing 40 or 60 per cent of casein produced a marked 
reduction in mammary tumor incidence (three of 
25 rats or 12 per cent incidence). Increased intakes 
of food and carcinogen exceeding 2.1 mg. daily 
largely overcame the protective effects of the high 
protein diets and resulted in a high incidence of 
mammary tumors (20 of 26 rats or 77 per cent in- 
cidence). Irrespective of level of carcinogen and 
feed intake, the high protein diets promoted gen- 
erally improved well-being and prolonged the sur- 
vival period from an average of 28 weeks to over 
40 weeks. 

Suggestive evidence was obtained indicating 
that high casein diets were also partially protective 
against the induction of ear duct and liver tumors. 

Desoxyribonucleic acid or yeast nucleic acid, 
added to a 12 per cent casein diet, had no influence 
on tumor induction. The supplementation of a 60 
per cent casein diet with vitamin By and folacin 
decreased the average survival period from 42 
weeks to 32 weeks. 
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Heterotransplantation of Human Cancer” 


I. Irradiated Rats 


SHELDON C. Sommers, Rosanna N. CHUTE, AND SHIELDS WARREN 


(Cancer Research Institute of the New England Deaconess Hospital, Laboratory of Pathology of 
the Harvard Cancer Commission, Boston 15, Mass.) 


The experiments of Toolan (6) indicated that it 
was feasible to transplant human neoplasms sub- 
cutaneously into rats or mice. Resistance to the 
foreign tissues was reduced by total-body x-radia- 
tion. 

Our employment of this method, with the use of 
75 different human cancers, resulted in survival of 
53 per cent among the transplantations of the first 
generation. This unanticipated success provided 
the basis for hope that this technic could be further 
improved so as to become of practical value. 


METHODS 


Rats of Slonaker or Wistar strains, of either sex, approxi- 
mately 13 months old and weighing between 90 and 150 gm., 
were employed. Beginning 6-9 days prior to tumor implanta- 
tion, rats were exposed to total-body irradiation with x-ray, 
three doses of 200 r being administered on alternate days. 
X-radiation factors were 200 kvp, 2 mm. Cu, 10 m. amp., t.s.d. 
60 cm., and exposure time approximately 4 minutes. No evi- 
dence of radiation sickness was noted. 

For the implantation of human cancers, neoplastic tissue was 
obtained as fresh as possible from operating or autopsy room, 
or surgical pathology laboratory. It was occasionally found 
that, even after refrigeration of the tumors for 48 hours, 
success with transplantation was achieved. However, in gen- 
eral, fresher specimens of tissue were preferred. 

The tissue was not received in sterile condition. It was at- 
tempted to inhibit bacterial growth by suspending the minced 
cancer tissue, 0.5 cc., in an equal volume of penicillin solution 
containing 5,000 units/cc, during preparations for implanta- 
tion. 

For transplantation, rats were anesthetized with ether. 
Fragments of tumor approximately 2 mm. in diameter, which 
did not appear grossly necrotic or composed mainly of in- 
flammatory tissue or stroma, were chosen. Tumors were 
implanted subcutaneously by means of a trocar or fine forceps. 
Usually two different sites were used for simultaneous im- 
plantation in the same animal. From four to six rats were em- 
ployed for each tumor. No mortality attended the transplanta- 
tion procedure. 

Nodules were removed 7-10 days after implantation. At 
this time they varied in size from 2-mm. pieces, as originally 
implanted, up to 1 cm. in diameter. The average diameter was 


* This work was done under United States Atomic Energy 
Commission Contract AT(30-1)-901 at the New England 
Deaconess Hospital. 
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5 mm. or less. All nodules of tumor were submitted for micro- 
scopic examination, except when further implantations were 
attempted. Daily examinations for nodules at injection sites 
were omitted after this was found to be a poor criterion of 
growth. Granulomatous inflammatory reactions often inter- 
fered with gross diagnosis as to the presence or the dimensions 
of the tumors. 

The most successful interval for harvesting tumors was 
found to be about 8 days. Generally, after about 10 days the 
transplants appeared completely absorbed grossly and micro- 
scopically. However, an occasional tumor would remain viable 
as a 5-mm. nodule for a month or more, with microscopic evi- 
dence of active proliferation shown by mitoses. 


RESULTS 


The rats did not show any generalized body 
disturbances or gross anatomic changes following 
human cancer transplantations. 

The 75 human cancers and the results of their 
transplantation are listed in Table 1. Each positive 
instance, defined as the growth or survival of liv- 
ing cancer tissue, was confirmed by microscopic 
identification of human cancer tissue from the rat. 
When there were too few cancer cells to produce 
structural patterns recognizable as malignant 
growths, the transplants were considered question- 
able, although a few individual cancer cells might 
be present. Negative results meant either necrosis 
and death of all cancer tissue identified, or the 
absence of recognizable cancer cells. 

Heterologous growth with invasion of rat tissues 
by the cancer was not frequent. It appeared doubt- 
ful that the transplant was often vascularized by 
the host tissues. The majority of transplants were 
living, with evidence of degeneration outweighing 
signs of growth. Mitoses were found in several 
transplants. However, it was evident in most in- 
stances that human cancers persisted, rather than 
grew, in the rats. 

Because of the relatively small number of vari- 
ous individual tumors included, no general conclu- 
sions could be drawn. From the results, there ap- 
pears to be no reason to anticipate failure in any 
type of human cancer transplant, up to this time. 
Differences in single instances seemed to have been 
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influenced by the condition of the piece of tumor 
chosen, as much as by any single factor. 

In a number of rats, microscopic examination 
revealed human stromal tissue well preserved but 
without cancer cells. In this regard, it should be 


TABLE 1 


RESULTS OF HUMAN CANCER TRANSPLANTS 
IN IRRADIATED RATS 


Question- 
Cases Positive Negative able 
Adenocarcinoma 22 12 9 


Large intestine 1 
Ovary 

Stomach 

Endometrium 

Breast 

Prostate 

Kidney 


Carcinoma simplex 


Breast 
Stomach 
Ovary 
Kidney 
Lung 


Om 


_ 
pend 


5 


Epidermoid carcinoma 


m DH = 


Undifferentiated car- 
cinoma, lung 


Sarcomas 
Leiomyo- 
Fibro- 
Synovial 
Osteogenic 
Lympho- 
Chondrofibro- 
Mixed 
Undifferentiated 


Gliomas 
Glioblastoma 
Ependymoma 

Melanoma 

Neuroblastoma 


Undifferentiated neo- 
plasm, brain 


Tumors of doubtful 
malignancy 


Leiomyoma 
Meningioma 
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emphasized that normal tissue structures, such as 
human salivary gland ducts, retained their normal 
appearance in transplants (5). 

Transplants into a second generation were at- 
tempted in ten cases, with success in five (Table 
2). Two of these five were transplants from the rat 


into the hamster cheek pouch. All five positive in- 
stances did indicate both grossly and microscopi- 
cally heterologous proliferative growth of human 
cancer. It was felt preferable to determine micro- 
scopically the survival of the first-generation 


TABLE 2 
SECOND-GENERATION CANCER TRANSPLANTS 
Question- 
Cases Positive Negative able 

Epidermoid carcinoma $3 2 1 0 
Carcinoma simplex* 1 1 0 0 
Adenocarcinoma* 1 0 1 0 
Leiomyosarcoma 2 1 0 1 
Fibrosarcoma* 1 1 0 0 
Undifferentiated can- 2 0 1 1 

cers 

Totals 10 5 3 2 

* Hamster cheek pouch used for second transplants. 
TABLE 3 
RESULTS OF CANCER TRANSPLANTS AFTER 180 r 
Cases Positive Negative 

Epidermoid carcinoma 9 4 5 
Adenocarcinoma 10 9 
Carcinoma simplex 0 7 
Undifferentiated carcinoma, 1 0 1 

lung 
Melanoma 3 2 1 
Sarcomas 4 1 3 

Chondro- 1 1 0 

Lympho-, reticulum-cell 2 0 2 

Retroperitoneal 1 0 1 
Glioblastoma 1 0 1 

Totals 35 8 27 


transplants at the expense of saving sufficient tis- 
sue for further transplantation, so that only a few 
second-generation implants were attempted. 

One group of rats was irradiated with only 180r, 
owing to errors of calibration. The results are listed 
in Table 3. Glandular carcinomas were transplant- 
ed with less success than epidermoid carcinomas at 
this dosage level. 

A limited survey of some potential growth- 
stimulating substances was followed without suc- 
cess. Successful transplantations were made in 38 
per cent of the rats given implants of stilbestrol, 
compared to 45 per cent in untreated controls, 
with the use of the same 24 tumors. Two of six 
tumors were successfully transplanted, in animals 
treated with aureomycin (4), with one out of six 
successes in untreated control animals. 


DISCUSSION 
Heterologous cancer transplantation in the ir- 
radiated rat is as yet of little practical value. The 
proportion of successful takes and the evidence of 
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growth in the transplants are not sufficiently satis- 
factory for routine use. However, in our laboratory 
the results compare favorably with those of others 
(1, 3) who used the anterior eye chamber, as to the 
number of animals required, and time, skill, and 
experience necessary for success. Vigorous growth 
of transplanted cancers comparable to that ob- 
served by Greene (2) has not been found in this 
series of irradiated rats. 

The method of Toolan is reeommended as useful 
and as offering an opportunity for studying human 
cancer in an animal host. 


SUMMARY 


Forty of 75 human cancers (53 per cent) sur- 
vived transplantation to irradiated rats. Five of 
ten second-generation implants actually grew, and 
proliferative enlargements were subsequently 
identified microscopically. Little evidence was 
found for active growth in most persisting first- 


generation heterologous transplants. The technic 
described is considered sufficiently successful. to 
warrant its wider use. 
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Heterotransplantation of Human Cancer 


Il. Hamster Cheek Pouch* 


Rosanna N. CuuTe, SHELDON C. SOMMERS, AND SHIELDS WARREN 


- (Cancer Research Institute of the New England Deaconess Hospital, Laboratory of Pathology of 
the Harvard Cancer Commission, Boston 15, Mass.) 


A technic developed by Lutz, Handler, and as- 
sociates (1-4) employed the cheek pouch of the 
hamster (Mesocricetus auratus) as a site for trans- 
plantation of tissues, including animal and human 
cancers. Through the courtesy of these workers, 
we learned their method and employed it in ex- 


periments on the heterologous transplantation of 
human cancers. 


Sixty-five human neoplasms were so implanted, 
with successful growth in 30 (46 per cent). 


METHODS 


Hamsters of either sex, 13-3 months old and weighing 40- 
100 gm., were used. 

Two technics of transplantation were used—that of Lutz (4) 
and a modification—with comparable results. 

For stretching the everted cheek pouch, a simple animal 
holder was used as originally described by Lutz. In the modified 
technic, the hamster was anesthetized with ether and the 
cheek pouch simply everted over one finger. A fragment of 
human tumor, selected and treated as described in the preced- 
ing communication, was implanted beneath the mucosa with 
a No. 18 trocar. Care was taken to avoid extrusion of the frag- 
ment through the wound of introduction, by working it away 
from this site. Refrigeration of the tumor for 48 hours did not 
appreciably alter its viability. 

After implantation the hamster was observed for tumor 
growth by everting the cheek pouch approximately every 4 
days. When the nodule showed peripheral hemorrhage or 
edema, its vascularity decreased, or it became softened, the 
tissue was removed for histologic examination or further 
transplantation. 

Usually the tumor was implanted in one pouch of each of 
six hamsters. Occasionally, after negative results, the same 
pouches were used for further transplants. 


RESULTS 


In general, after about 4 days an enlarged nod- 
ule was evident beneath the cheek pouch mucosa. 
It was gray-pink, spherical, and smooth-surfaced. 
Vascularization was not always evident at this 
time. With certain tumors, the nodules became 


* This work was done under United States Atomic Energy 
Commission Contract AT(30-1)-901, at the New England 
Deaconess Hospital. 
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softened, shrank, and were generally absorbed 
within 10-20 days. No generalized effects on the 
hamsters were observed. 

Measurement of changes in the size of the nod- 
ules was not successful as an index of cancer 
growth. Peripherally, granuloma formation closely 
simulated cancer, and it was not possible grossly 
to distinguish accurately the margin between im- 
planted tumors and reactive host tissues. 

In Table 1 are listed the results of 65 trans- 
plants of human cancer. “Positive” results refer 
to survival or growth of cancer, “negative” to 
complete degeneration or absence of cancer, and 
“questionable” to presence of a few doubtful can- 
cer cells. As noted in irradiated rats, there is not 
sufficient evidence as yet to predict whether any 
particular type of neoplasm would or would not 
grow heterologously. Fortunate or unfortunate 
choice of the fragment for implantation was the 
one factor of most importance. 

The survival of all implants was confirmed by 
microscopic examination. Vascularization was 
more prominent grossly than microscopically, and 
the margin of cancer tissue often appeared con- 
fined histologically by leukocytic infiltration. The 
hamster responded by exuberant histiocytic gran- 
ulomatous response to the foreign tissue. The can- 
cer cells appeared healthy, with or lacking mito- 
ses, although signs of degeneration were occasion- 
ally present. No changes in growth characteristics 
or type of cancer were noted. 

Second-generation transplantation was _ at- 
tempted, employing twenty neoplasms (Table 2). 
As with animal neoplasms (5), the relative pro- 
portion of successes was increased. Third-genera- 
tion transplants succeeded with one of three car- 
cinoma simplex tissues and two of two epidermoid 
carcinomas tested and failed with one leiomyo- 
sarcoma. In these positive implants, proliferative 
growth rather than mere persistence was observed. 

In another series, twelve hamsters were irradi- 
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ated with 300-600 r total body x-ray doses before 
implantation with twelve human neoplasms. The 
irradiation factors were 200 kvp, 2 mm. Cu, 10 
m. amp., t.s.d. 36.5, and 60 cm. with exposure 
times 1—4 minutes, according to dose. Fifty-eight 
per cent of these tumors were successfully grown 
in both the irradiated and unirradiated control 
animals. Transplantation of thirteen neoplasms 
was successful in hamsters treated with stilbestrol 
and in untreated control hamsters (15 per cent), 


TABLE 1 


HAMSTER CHEEK POUCH TRANSPLANTS 
OF HUMAN CANCERS 


Question- 
Cases Positive Negative able 


Adenocarcinoma 14 7 


Endometrium 
Large intestine 
Prostate 
Salivary gland 
Ovary 

Kidney 
Thyroid 


Carcinoma simplex 1 
Breast 
Stomach 
Ovary 
Kidney 
Endometrium 


Epidermoid carcinoma 1 
Lung 
Cervix 
Skin 
Lip 
Tongue 
Larynx 
Anus 
Palate 
Esophagus 


Adenoacanthoma, 
uterus 


—) 


Renal-cell carcinoma 


Undifferentiated car- 
cinoma, lung 


pond 


Sarcomas 1 
Leiomyo- 
Undifferentiated 
Chondrofibro- 

Fibro-' 
Synovial 
Osteogenic 
Mixed 


Melanoma 
Neuroblastoma 


Brain Tumors 
Glioblastoma 
Ependymoma 
Craniopharyngioma 


Undifferentiated ma- 
lignant tumor from 
brain 


| 


Totals 65 30 32 


and with four neoplasms in hamsters given aureo- 
mycin and in their untreated controls (75 per 
cent). No evidence of more favorable effects was 
obtained from these additional procedures. 


DISCUSSION 
In our experience, employment of hamster 
cheek pouches for heterologous cancer implants of 
human origin has appeared to be of great potential 
value. It has the advantages of ease of implanta- 


TABLE 2 


SECON D-GENERATION HAMSTER CHEEK POUCH 
CANCER TRANSPLANTS 


Question- 
Cases Positive Negative able 


Adenocarcinoma* 1 0 1 0 
Carcinoma simplex 
Carcinoma simplex* 


Epidermoid carcinoma* 
Adenoacanthoma 


Undifferentiated car- 
cinoma of lung 


+ 
1 1 
Epidermoid carcinoma 6 3 
1 1 
1 
1 0 


Craniopharyngioma 1 
Sarcoma 4 
Leiomyo- 2 
Fibro-* 1 
Chondrofibro- 1 
Totals 20 11 
, * Tumors obtained after first implantations subcutaneously in irradiated 
rats. 
tion and of observation. Vascularization may be 
studied by reflected or transmitted light, and the 
tumor may be easily photographed. Changes in 
tumor consistency and color are readily observed 
beneath the thin mucosa. 

With experience in the proper choice of tissue 
fragments, an increased proportion of successes is 
anticipated, comparable to the results of the origi- 
nators of this method. Furthermore, this makes 
possible the employment of the gross measure- 
ment of tumor implants as an index of their 
growth. | 

The technic has developed to a point where in- 
tensive study of selected types of cancer is now 
feasible. Further extension to different neoplasms 
is also contemplated. 


SUMMARY 


In the hamster cheek pouch, 30 of 65 human 
neoplasms persisted after heterologous transplan- 
tation (46 per cent). Second-generation transplan- 
tations were successful with eleven of twenty can- 
cers, and third-generation growth in three of six 
cases. The method is relatively simple and appears 
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to be of great potential value in growth studies of 
human cancer tissue. Treating host animals with 
stilbestrol or aureomycin or x-ray did not affect 
transplant survival. 
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Heterotransplantation of Human Cancer 


III. Chorioallantoic Membranes of Embryonated Eggs* 


SHELDON C. SOMMERS, BARBARA A. SULLIVAN, AND SHIELDS WARREN 


(Cancer Research Institute of the New England Deaconess Hospital, Laboratory of Pathology of the Harvard Cancer 
Commission, Boston 15, Mass.) 


The chick embryo has been used successfully for 
the culture of bacteria (5), viruses (4), normal (3) 
and neoplastic tissues (1, 2, 6). Its extensive em- 
ployment for heterologous transplantation of hu- 
man cancers has not been reported. 


METHODS 


Embryonated chicken eggs incubated from 5 to 12 days 
were employed. Before and after implantation the eggs were 
incubated at 37° C. and about 80 per cent humidity. The eggs 
were turned over twice a day for the first 3-4 days and daily 
thereafter until injection. Somewhat better results were ob- 
tained with eggs about 6—7 days old, since fewer embryos were 
killed by the transplantation procedure. The “false air sac’’ 
method adapted from virus culture (4) was used. 

After 6 days of incubation, the positions of the embryo and 
air sac were located by candling and traced with pencil on the 
shell. Some eggs were then x-radiated with specified doses and 
kept 24 hours longer in the incubator before injection of 
tumor. Either three daily doses of 25-75 r or single exposures 
to 150-250 r, 1 day before injection, were employed. Radiation 
data were the same as given in the preceding communications. 

The outlined pencilled areas were painted with merthiolate, 
and the carborundum disc of an electric cutting tool was used 
to cut a small window approximately 1 cm. square just beside 
the embryo. A small puncture was then made into the air sac 
to lower the embryo from the shell and to prevent its being 
mechanically damaged. The shell and shell membrane were 
removed with sterile forceps. A sterile l-cc. syringe and 20- 
gauge 13-inch needle were used to inject the tumor directly 
into the chorioallantoic membrane. For accurate localization 
of the implant later, it was found desirable to introduce small 
amounts of carbon black with the tumor. Cellulose tape was 
used to close the window, as it was considered sterile and per- 
mitted easy observation of the implants after injection. 

Intra-yolk-sac injections (6) were also attempted but were 
not successful. 

Choice of a viable portion of tumor was of the greatest 
importance. Since the tumor was not received in a sterile 
condition, it was first treated by suspending minced fragments 
in a penicillin solution containing 5,000 units in 1 cc. aqueous 
solution, for 1-4 hours before inoculation. From two to twelve 
eggs were inoculated with each tumor. A few cancers were first 
transplanted into irradiated rats or hamster cheek pouches 
and secondary implants later attempted into eggs. 


* This work was done under United States Atomic Energy 
Commission Contract AT(30-1)-901 at the New England 
Deaconess Hospital. 
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After 1-8 days’ further incubation, the eggs were allowed 
to cool in the refrigerator. The shells were cracked. The trans- 
plants were located, fixed in Zenker-formol, imbedded in 
paraffin, cut, and stained with hematoxylin and eosin for 
microscopic examination. 


RESULTS 


Tabulation of the transplants is shown in Table 
1, with successful persistence or growth in 28 of the 
59 different human cancers employed (47 per 
cent). “Positive” results mean persistence, or, 
rarely, growth of human cancers; “negative’”’ re- 
fers to absence of any demonstrable living cancer 
cells; and “questionable” means identification of a 
few possibly viable cancer cells. A total of 375 nor- 
mal embryonated eggs were employed. Of the 149 
surviving until harvesting, 36 were positive (24 
per cent) and 26 questionable (17 per cent). Of 245 
irradiated egg embryos, 178 were harvested, 38 
were positive (21 per cent), and 30 questionable 
(17 per cent). Thus, the proportion of over-all 
takes was relatively small, with or without irradi- 
ation, compared to the total number of eggs used. 

Indications of growth of the transplants were 
rarely observed, and vascularization was not evi- 
dent grossly. As a rule, persistence or survival of 
tumor, rather than growth, better described the 
microscopic appearance of the human cancers. In 
general, chicken leukocytes surrounded the human 
tissue, at times with a granulomatous response. 
Mitoses in tumors were observed occasionally, but 
degenerative changes were much more frequent. 

Transplantation was not attempted beyond the 
first generation, except for one second transplant 
of epidermoid carcinoma of the tongue, which was 
identified in one of the five eggs employed. 

As with the other methods reported, sarcomas 
appeared to be transplanted most easily, since, 
among 47 eggs employed, thirteen were positive 
for sarcoma and six questionable. Adenocarcinomas 
and carcinoma simplex survived in only 32 of 146 
eggs, with 35 doubtful or degenerated cancers. 
Epidermoid carcinoma was found in fifteen of the 
99 eggs used, besides three doubtful cases. The 
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successful transplant yield was about one-quarter 
of the eggs with sarcomas, one-fifth with glandular 
carcinomas, and about one-seventh with epider- 
moid carcinomas. The best proportion of persist- 
ence of any tumor occurred in Hodgkin’s disease, 
with which eighteen eggs were injected. Ten were 
positive, three degenerated, and five negative. 
Transplants of two human cancers first to ham- 
ster cheek pouch and thence to eggs succeeded 


TABLE 1 


HUMAN CANCER TRANSPLANTS ON CHORIOALLANTOIC 
MEMBRANES OF CHICK EMBRYOS 


Question- 
able or 
degen- 
erated 


Posi- 
tive 


Nega- 

Cases tive 

Adenocarcinoma 15 
Large intestine 
Prostate 
Abdominal wall 
Cervix 
Endometrium 
Chest wall 
Gall bladder 
Perineum 
Thyroid 


Carcinoma simplex 
Breast 
Ovary 
Endometrium 
Stomach 


Undifferentiated carcinoma 
Lung 
Ovary 


Renal cell carcinoma 


Epidermoid carcinoma 
Tongue 
Esophagus 
Lung 
Palate 
Mouth 


Cervix 


Sarcoma 
Leiomyo- 
Fibro- 
Fibrolipo- 
Mixed 
Kaposi's 
Undifferentiated 


Miscellaneous 1 

Melanoma 

Hodgkin’s disease 

Adenoacanthoma, endo- 
metrium 

Anaplastic carcinoma, thy- 
roid 

Malignant adenoma, rec- 1 
tum 

Neuroblastoma, lung 1 

Mixed tumor, salivary 1 
gland 

Craniopharyngioma 1 


ale 
| — oo o 


Totals 61* 30 


* Discrepancy with text due to one second generation transplant and 
one tumor first transplanted into hamster cheek pouch. 


with a leiomyosarcoma and failed with an endo- 
metrial adenoacanthoma. Transplants of two 
other human cancers were made into irradiated 
rats and later injected into eggs. Both failed to 
survive. 

Sixty-eight eggs were injected with nontumor- 
ous tissue. Cystic teratoma (dermoid cyst) of 
ovary, cholesteatoma of middle ear, inflamed 
lymph node, nodular goiter, chronic dermatitis, 
and radiation-damaged bladder specimens all per- 
sisted in egg implants. 


DISCUSSION 


The technic of employing the chorioallantoic 
membrane is relatively difficult, time-consuming, 
and requires meticulous attention to sterile tech- 
nic, as well as considerable practice for success. 
With these factors under control, however, it of- 
fers about the same percentage of successful hu- 
man cancer transplantation as the other methods 
employed in our laboratory. By success is meant 
persistence of surviving cancer; gross or micro- 
scopic proliferative growth is uncommon in eggs. 
Bacteriologic controls similar to those used in 
operating rooms must be employed. 

After successful heterotransplantation in other 
media, future egg implants may prove more fre- 
quently successful. As in homologous animal tu- 
mor transplantations, it appears to be the first gen- 
eration growth which is the most difficult to obtain. 
Once better tissue adaptation is achieved, trans- 
plantation is facilitated. 

No explanation for the easier transplantability 
of sarcoma tissues is advanced, but perhaps this is 
due to a superior metabolic adaptability of sar- 
comas to the anerobic conditions characteristic of 
embryonic growth. 

X-radiation of the embryos does not appear to 
increase the proportion of tumor survivals. Iso- 
topes may be more useful in this connection. A 
search for growth-stimulating factors is also neces- 
sary. However, the fatality rate of embryos in- 
creases proportionately to the number of injections 
made. Perhaps isotopes or growth stimulants may 
best be injected at the same time that the tumor 
implant is done. 


SUMMARY 


Twenty-eight of 59 different human cancers 
(47 per cent) successfully survived transplantation 
to the chorioallantoic membranes of chicken egg 
embryos. A total of 620 incubated eggs were used. 
In terms of the 327 eggs whose embryo survived 
implantation, the positive harvest was 23 per cent, 
with or without prior x-radiation. Sarcomas sur- 
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vived in about one-quarter of the eggs harvested, 
glandular carcinomas in one-fifth, and epidermoid 
carcinomas in one-seventh. 
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Manuscripts for Cancer Research must rep- 
resent new and original contributions, not pre- 
viously published, and, if accepted, not to be 
published elsewhere. They should be typed, 
double-spaced, with ample margins, on bond 
paper. The original and one carbon copy should 
be submitted. Manuscript pages should be 
numbered consecutively. Every paper should 
end with a brief, logical swmmary in which the 
points proved by the investigation are outlined. 

Critical reviews on subjects dealing with 
cancer and allied fields will be considered for 
publication in Cancer Research. Such reviews 
should attempt to correlate the various ap- 
proaches to a problem in a manner that will 
indicate the trends and emphasize the aspects 
that require further clarification. Critical 
analyses of the pertinent issues and expressions 
of opinions are encouraged. Preferably, the 
reviews should not exceed 7 pages (6,000 words) 
in length, including references. 

Comments: A limited space will be available 
for the publication of comments on published 
data in the cancer field; they should not exceed 
500 words. Comments written for the presenta- 
tion of new data will not be published. 

The title of the paper should be as short as 
is compatible with a clear indication of the sub- 
ject matter. Chemical formulas should not be 
included in the title. The title of the paper, the 
name of the author (or authors), location, and 
any acknowledgments should appear on a sepa- 
rate page. 

Footnotes should be numbered consecu- 
tively and should appear on a separate sheet. 

Tables should be typed on separate sheets 
and should be numbered. Each must have a 
brief descriptive title. Tables should be ar- 
ranged for vertical position on the page, either 
in single or double column. Every column must 
be supplied with an appropriate heading. 

Illustrations: The preparation of photo- 
graphs, charts, and graphs is particularly 
important, and authors are requested to fol- 
low very carefully the directions given below. 

Half-tone illustrations (photomicrographs 
and photographs) are designated figures and 
are printed as plates at the end of each article. 
Figures in moderate numbers will be accepted 
if they are of good technical quality and essen- 
tial for the clarity of the presentation. Plates 
in color and excessive numbers of figures, if 
accepted, will be charged to the author. Only 
clear glossy photographs should be submitted. 
Mount all photographs tightly together on 
white cardboard. Place as many together as 
will make a plate not to exceed 6 X 83 inches. 
Each figure should include the appropriate 
number on a lower corner, and they should be 
numbered consecutively starting with Figure 1. 


INFORMATION FOR AUTHORS 


Legends for plate figures should be typed sep- 
arately in consecutive order on standard-sized 
paper with the heading “Legends for Figures.” 

Line cut illustrations (graphs and charts) 
are designated charts and are printed in the 
text. These should be numbered in consecutive 
order starting with Chart 1. Charts should 
be planned so as to eliminate waste space; they 
should be ruled off close to the area of the 
curves, and descriptive matter should not ex- 
tend beyond the curves. Charts should be so 
prepared that no letter or figure will be less 
than 2 mm. high after reduction to the size in 
which it will appear. Generally they will be 
reduced to fit either the one- (3-inch) or two- 
(6-inch) column width of the page. Original line 
drawings on high quality white drawing paper 
or board, blue tracing cloth, or coordinate paper 
printed in blue should be used. Typewritten 
charts are not desirable, as they permit but 
slight reduction. Only India ink should be 
used for drawing or lettering. One set is suff- 
cient. Legends for each chart should be typed 
separately in consecutive order on standard- 
sized paper with the heading “‘Legends for 
Charts.” 

Mounts of charts and photographs larger than 
83 X 11 inches will not be accepted. When orig- 
inal drawings exceed this size, photographed re- 
ductions should be sent. 

References should include, in order: au- 
thor, title, journal abbreviation (Quarterly 
Cumulative Index Medicus form), volume num- 
ber in arabic numerals, inclusive pages, and 
year. Book references should give: author, 
title, pages, edition number, city, publisher, 
and year. All references should be checked with 
the original publications and should be arranged 
in alphabetical order. Each number in the refer- 
ences is to refer to only one paper. References 
to unpublished work or personal communica- 
tions should appear in footnotes. The following 
examples illustrate the desired style: 

Woctom, W. H. Please! An _ Editorial. 
Cancer Research, 2:846-50, 1942. 

GREENSTEIN, J. P. Biochemistry of Cancer, 
pp. 5-20. Ist ed. New York: Academic Press, 
Inc., 1947. 

Changes in proof: Any but minor changes 
from the manuscript which are made in proof 
will be billed to the author. 

Reprints may be ordered before publica- 
tion, at cost, according to a schedule of prices 
accompanying the galley proof of the article. 

Manuscripts, reviews, and correspond- 
ence related to contributions should be ad- 
dressed to: Dr. Harotp P. Ruscna, Editor, 
CANCER RESEARCH, McArdle Memorial 
Laboratory, University of Wisconsin, Madison 
6, Wisconsin. 
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All subscriptions and business inquiries 
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University or Cuicaco Press, 5750 Ellis 
Avenue, Chicago 37, Illinois. 
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, frozen, transplantation of. Swerdlow and Saphir, 301 
in studies on deamination of azaguanine. Hirschberg, 

Kream, and Gellhorn, 524 

on transpulmonary passage of tumor cell emboli. Zeid- 

man and Buss, 731 

, second transplantation of. Casey, Drysdale, Shear, and 

Gunn, 807 


Calcium tolerance test, indicator of bone metabolism and 
effects of therapy thereon. Lewin and Spencer, 278 
Caloric restriction, effect on survival of tumor-bearing mice 


and incidence of metastases. Tannenbaum and Silverstone, 
302 


, metabolism of glycine in mice on. Barton‘and Rusch, 
Q47 

Carbohydrate metabolism, aerobic, of leukocytes in health and 
leukemia. I. Glycolysis and respiration. Beck and Valentine, 
818 


. II. The effect of various substrates and coenzymes on 
glycolysis and respiration. Beck and Valentine, 823 


Carbon blacks, adsorption of 3,4-benzpyrene and pyrene by. 
Falk and Steiner, 40 

, aromatic polycyclic hydrocarbons in. Falk and 

Steiner, 30 


L-Carboxymethylcysteine, 
Greenberg and Gal, 242 


Carcinogenesis and in vivo combinations between carcinogens 
and tissue constituents. Miller and Miller, 547 

, chemical skin, in mice, effect of varying concentration on 

inhibition of. Stanger, Hill, Pizzo, Riegel, and Wartman, 299 

, dosage-effect relationships in. Shubik and Ritchie, 297 

——., effect of feeding habits on. Boutwell and Rusch, 251 

——: occurrence in tarred rabbit skin of minor neoplastic 
changes. Rous and Rogers, 292 


Carcinogenic hydrocarbons, labeled, interaction with tissue 
components. Wiest and Heidelberger, 308 
. , in vitro metabolism of. Wiest and Heidelberger, 


inactive chemotherapeutically. 


308 


Carcinogen-protein conjugates, chemical and immunological 
properties of. Creech, 557 


Carcinogens, effect on antibody formation. Malmgren and 
Bennison, 280 

, inhibitory action on azo dye carcinogenesis. Miller, Mil- 

ler, and Brown, 282 

, in vivo combination with tissue constituents. Miller and 
Miller, 547 

——., possible modes of action of: a review. Boyland, 77 

, strong, inhibition of skin carcinogenesis by mixtures of. 

Hill, Stanger, Pizzo, Riegel, and Wartman, 270 


Carcinoma in C3H mice, intrapleural growth of. Goldie, Jef- 
fries, Maxwell, and Hahn, 422 


Carcinoma V2, certain biologic characteristics of. Lawrence, 
Moore, and Bernstein, 277 

in studies of transpulmonary passage of tumor cell 

emboli. Zeidman and Buss, 731 

—— —— on metastatic tumors, differential growth 

in liver and lung. Lucké, Breedis, Woo, Berwick, and No- 

well, 734 

in the rabbit eye. Ginder and Friedewald, 429 

Catalase inhibition in vitro by a tumor factor. Hargreaves and 
Deutsch, 720 7 


Cell behavior under various conditions. Lettré, 847 
counts, unstained, as method for evaluating cancerocidal 


agents. Vycital, Schrek, and Clarke, 304 
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maturation and development, possible mechanism for 
control of. Henstell, Freedman, and Ginsburg, 346 

Cheek pouch, hamster, heterologous tumor growth in. Patt, 
Handler, and Lutz, 287 

: , transplantation of human cancers to. Chute, 
Sommers, and Warren, 912 

Chemotherapeutic agents, effect on antibody formation. 
Malmgren and Bennison, 280 

Chemotherapy, inactive compounds, 241, 242, 614 

Chick embryo yolk sac-cultivation of rat liver tumors. Arm- 
strong, Gray, and Ham, 698 

embryos, uptake of radiophosphorus into nucleic acids of, 

relation to age. Stevens, 62 

fibroblast tissues cultures, mitotic alterations produced 

by triethylene melamine. Plummer, Wright, Antikajian, 

and Weintraub, 796 

heart fibroblasts, embryonic, behavior in protein-free me- 

dia. Jensen, 272 

liver abnormalities caused by yolk sac-grown tumors. 

Galinsky and Spurr, 264 

tissues, embryonic, invasion by mouse Sarcomas 180 and 
37. Kautz, 180 

2-Chloro-2’-hydroxydiethyl sulfide (hemisulfur mustard) treat- 
ment of human patients. Seligman, Rutenberg, Persky, and 
Friedman, 295 

N-2-Chlorophenylphthalamic acid, inactive chemotherapeuti- 
cally. Turner, 242 

Chromatin fractions, isolated, nature of lymphosarcoma trans- 
mission by. Klein, 589 

Chromosome ploidy and histocompatibility in ascites tumors. 
Hauschka, 269 

Circulation time, body water, and blood volume in cancer pa- 
tients. Kelly, Bierman, and Shimkin, 814 

Citric acid cycle, enzymes of, in tumors. Wenner, Spirtes, and 
Weinhouse, 44 

Cloudman’s melanoma, intrapleural growth as free cells. 
Goldie, Jeffries, Maxwell], and Hahn, 422 

Cobalt-60, cytological studies on patients with carcinoma of the 
cervix treated with. von Haam, Hendricks, and Morton, 303 

Cockroach, cellular response to methylcholanthrene and talc 
in body cavity of. Schlumberger, 294 

Coenzyme I oxidase system in normal and tumor tissues. Lenta 
and Riehl, 498 

Colchicine and derivatives, in studies on cell behavior. Lettré, 
847 

——., studies on Ehrlich ascites tumor after treatment with. 
Klein, Klein, and Klein, 484 

Combination therapy with antileukemic agents in mice. Law, 
871 

Condensing enzyme in tumors. Wenner, Spirtes, and Wein- 
house, 44 

Copper-deficient diet and susceptibility of sarcoma to x-ray. 
Franks, McGregor, Shaw, and Skublics, 262 

Coronene in carbon blacks. Falk and Steiner, 30 


Cortisone and ACTH, action on transplanted tumors. Gott- 
schalk and Grollman, 651 

and sex steroids, effects on castration-induced adrenal 

cortical adenomas. Monsen, 284 

, effect on transplantability of mouse leukemia. Werder, 

Syverton, and Friedman, 306 

, effects on human lymphoma. Block and Jacobson, 250 

Counter-current distribution in analysis of urinary keto- 
steroids. Engel, Olmsted, and Nathanson, 259 

Croton oil hyperplasia, histological study of. Ritchie, Leroy, 
and Shubik, 291 

Cupferron (Ammonium nitrosophenylhydroxylamine), inac- 
tive chemotherapeutically. Turner, 242 

Cysteine, pretreatment with, growth of tumor fragments x- 
radiated in vitro following. Hall, 787 

Cytochemistry, enzymatic, new ultramicromethods for. Kopac, 
276 


Cytochrome oxidase, inhibition by melanoma extract. Riley, 
Burk, and Hobby, 291 


Deamination, enzymatic, of 8-azaguanine in normal and neo- 
plastic tissues. Hirschberg, Kream, and Gellhorn, 524 


Dehydrogenase activity of liver and kidney slices in tumor- 
bearing mice. Black and Speer, 250 


Desoxypentosenucleic acid content of micronuclei-containing 
cells of Ehrlich ascites tumor following colchicine treatment. 
Klein, Klein, and Klein, 484 

per nucleus in normal and leukemic mouse 

spleen. Mizen and Petermann, 727 

in senile keratosis, cytochemical study of. Leuchten- 

berger and Lund, 278 


Desoxyribonuclease inhibition, viscosimetric determination of. 
Henstel] and Freedman, 341 

inhibitor in human white blood and bone marrow cells 

and its relationship to cellular maturity. Henstell, Freed- 

man, and Ginsburg, 346 


Diacetyl monoxime, inactive chemotherapeutically. Turner, 
242 


Diagnosis. See Test for malignancy. 


Diamino dichlorophenyl pyrimidines in mouse leukemia. Bur- 
chenal, Goetchius, Stock, and Hitchings, 251 


ac- 
tion in mammals. Philips, Hamilton, Clarke, Sternberg, and 
Hitchings, 287 

2,4-Diaminopyrimidines, effects on Sarcoma 180. Clarke, 
Buckley, Sternberg, Stock, Rhoads, and Hitchings, 255 


1,4-Dicyanobenzene, inactive chemotherapeutically. Freed- 
lander and Furst, 242 


Diet, casein level of, influence on tumor induction with 2- 
acetylaminofluorene. Engel and Copeland, 905 

, influence on carcass composition and plasma lipids in 

force-fed tumor-bearing rats. Stewart and Begg, 300 

, natural or semipurified, influence on tumor formation in 

mice. Silverstone, Solomon, and Tannenbaum, 297, 750 

, stock, protection against 2-acetylaminofluorene by. 
Engel and Copeland, 211 

N,N-Diethyl-N’,N’’-diethylene phosphoramide, effect on a 
variety of rat and mouse tumors. Sugiura and Stock, 301 

Diethylstilbestrol and 8-azaguanine, combination chemother- 
apy on mouse mammary carcinoma. Shapiro, 295, 713 

induction Of cancer in reciprocal F; hybrids of inbred rats 


susceptible and resistant to this agent. Dunning and Curtis, 
702 


of tumors in hamsters. Bacon, 246 

, Mammary tumors induced by, in reciprocal F, hybrids 
between negative and positive inbred lines of rats. Dunning 
and Curtis, 257 

4-Dimethylaminoazobenzene, electrophoretic changes in liver 
proteins induced by feeding of. Hoffman and Schectman, 129 

in electrophoretic studies on plasma proteins in rats with 

preneoplastic livers. de Lamirande and Cantero, 330 

, influence of strain of rat on liver tumor production by. 

Engel, 260 

, observations on carcinogenesis by. Harris and Clowes, 

471 

, rat liver tumors induced by, cultivation in yolk sacs of 

chick embryos. Armstrong, Gray, and Ham, 698 


p-Dimethylaminophenyl-6-ethoxyquinaldyl carbinol, inactive 
chemotherapeutically. Freedlander and Furst, 242 

p-Dimethylaminophenyl-6-methoxyquinaldyl ketimine, inac- 
tive chemotherapeutically. Freedlander and Furst, 242 

p-Dimethylaminophenylquinaldyl ketone, inactive chemo- 
therapeutically. Freedlander and Furst, 242 

2-(p- Dimethylaminostyry]) -6- methoxy quinoline, 
chemotherapeutically. Freedlander and Furst, 242 

Dimethyl-n-propylcarbinol, inactive chemotherapeutically. 
Turner, 242 


Diphenyl phosphoric acid amide, inactive chemotherapeutical- 
ly. Freedlander and Furst, 242 


inactive 
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Diphosphopyridine nucleotide requirements for oxidations by 
mitochondria of normal and neoplastic tissues. Wenner and 
Weinhouse, 306 


Dopa oxidase, inhibition by melanoma extract. Riley, Burk, 
and Hobby, 291 


Drosophila melanogaster, treated with methylcholanthrene, 
tumor incidence and lethal mutation rate in. Burdette, 201 

, X-ray-induced melanotic tumors in, effect of oxygen 

concentration on. Plaine and Glass, 829 


Ducks, use of in adaptation of Rous sarcoma to pigeons. Bor- 
ges and Duran-Reynals, 55 


Eggs, chorioallantoic membranes of embryonated, transplan- 
tation of human cancer to. Sommers, Sullivan, and Warren, 
915 


Ehrlich ascites tumor. See Ascites tumor, Ehrlich. 
— carcinoma, necrotic, hyaluronidase in. Balazs and von 
Euler, 326 


Electron microscopy of macromolecular particles from lymph 
nodes. Hoster, Van Winkle, Rabatin, and Hoster, 69 


Electrophoretic analysis of plasma proteins in rats bearing re- 
generating and preneoplastic livers. de Lamirande and Can- 
tero, 330 

of serum of rats bearing tumors induced by gastric 
instillation of methylcholanthrene. Schultz, Shay, Jamison, 
and Gruenstein, 294 

—— changes in proteins from livers of rats fed 4-dimethylami- 
noazobenzene. Hoffman and Schectman, 129 

—— studies on origin of abnormal] proteins in multiple myelo- 
ma. Miller, Brown, Miller, and Eitelman, 283, 716 

on particles from human neoplastic and non-neo- 

plastic lymph nodes. Rabatin, Van Winkle, Hoster, and 

Greider, 289 

on proteins of liver during azo dye carcinogenesis. 

Eldredge and Luck, 258, 801 


Emboli, tumor cell, transpulmonary passage of. Zeidman and 
Buss, 731 


Endocrine glands, phosphorus metabolism of, effect of in- 
herited factors, milk agent, and physiological state on. Al- 
bert and Johnson, 243, 584 - 

—— regulation of the growth of Walker carcinoma. Talalay, 
Takano, and Huggins, 302 


Environmental cancers: a review. Hueper, 691 


Enzymatic activity of rat and mouse liver tumors, comparison 
of. Kensler, Rudden, and Langemann, 274 

deamination of 8-azaguanine in normal and neoplastic 

tissues. Hirschberg, Kream, and Gellhorn, 524 


Enzymes of citric acid cycle, presence in tumors. Wenner, 
Spirtes, and Weinhouse, 44 


Epidermis during methylcholanthrene carcinogenesis, changes 
in cells of. Davibhadhana, 165 


Epididymis, tumors of, in hamsters treated with sex hormones. 
Bacon, 246 


Erythrocyte metabolism, effect of serum from carcinomatous 
mice on. Reid, Robbins, Budd, and Ryan, 290 


Estrogen, effect on incidence of spontaneous hepatoma in C3H 
mice. Agnew and Gardner, 757 

. on induction of renal tumors and hepatomas in male 

hamsters. Kirkman, 274 

inhibition of mammary fibroadenoma, study of. Millar 

and Noble, 282 


Estrogen-induced metaplasia, alkaline phosphatase in. Bern, 
85 


Ethyl carbamate. See Urethan. 
norvaline, inactive chemotherapeutically. Turner, 242 


Ethylene amines, series of, effect against experimental cancer. 
Williams, McKenzie, Halliday, Personeus, Stevens, Sparks, 
Smith, Troy, Schurr, Gleason, James, Moser, Lydick, Lan- 
des, Eve, Stick, and Vincent, 310 

N-ethylene substituted phosphoramides, effects on trans- 


plantable mouse leukemia. Burchenal, Johnston, Stock, 
Parker, Crossley, Kuh, and Seeger, 251 


Ethylenediamine, inactive chemotherapeutically. Turner, 242 


Etiologic factors of bronchiogenic carcinoma in physicians. 
Wynder and Jeghers, 311 | 


Fatty acid oxidation in transplanted neoplasia. Weinhouse, 
Allen, and Millington, 304 


Fishes, marine, thyroid tumors in. Nigrelli, 286 


Flavonoids, effects on radiosensitivity of malignant tumors. 
Arons, Oppenheim, Freeman, Williams, Sokoloff, and Eddy, 
245 

Flexner- Jobling carcinoma, acid profile following malonate in 
vivo. Busch and Potter, 660 

homogenate, metabolism of pyruvate in. Groth, Le- 

Page, Heidelberger, and Stoesz, 529 

implants, growth in fed and fasted rats of. LePage, Pot- 

ter, Busch, Heidelberger, and Hurlbert, 153 

, incorporation of glycine-2-C" into proteins and nucleic 

acid purines of. Tyner, Heidelberger, and LePage, 158 


Fluoranthene in carbon blacks. Falk and Steiner, 30 

2-Fluorenyl acrylic acid, inactive chemotherapeutically. Freed- 
lander and Furst, 242 

Fluorescence microscopy in study of cellular localization of 
6-naphthylamine. Mellors, 281 

4’-Fluoro-4-aminoazobenzene, carcinogenicity and methyla- 
tion of. Miller and Miller, 283 


4’-Fluoro-4-dimethylaminoazobenzene, microscopic changes in 
livers of rats fed. Price, Harman, Miller, and Miller, 192 
. Price and Harman, 288 


Folic acid, effect on A-methopterin-induced inhibition of nu- 
cleic acid synthesis. Skipper, Nolan, Newton, and Simpson, 
369 

Formate incorporation into nucleic acids of susceptible and re- 
sistant leukemic cells, effect of A-methopterin on. Skipper, 
Bennett, and Law, 677 


Formate-C", failure to affect the course of mouse leukemia. 
Skipper, Bell, and Chapman, 371 

——, glycine-2-C!4, adenine-4,6-C!4, and phosphate-P®, incor- 
poration into nucleic acids. Payne, Kelly, and Jones, 666 


Fumarase in tumors. Wenner, Spirtes, and Weinhouse, 44 
Furan, inactive chemotherapeutically. Turner, 242 
8-Furfuraldoxime, inactive chemotherapeutically. Cutting, 242 


Gastric lesions in rats treated with 2-aminofluorene and deriva- 
tives. Cambel and Ray, 252 

mucosa, exposed, effect of application of carcinogens to. 

Kobernick, Toovey, and Webster, 591 

neoplasia in Br-S mice, influence of certain variables on 

incidence of. Strong and Hollander, 362 


Genetic linkage of pulmonary adenomas induced with urethan. 
Burdette, 252 


6-Glucuronidase studies in blast-cell leukemias. Anlyan and 
Sherman, 244 

, tissue, response to sex hormones. Fishman, Riotton, 

Farmelant, and Homburger, 261 


Glutamic acid and glutamine, inhibition of utilization of. Rob- 
erts and Ayengar, 291 

Glycine, in vitro synthesis into purines and proteins. LePage, 
Q77 

—— metabolism in calorically restricted mice. Barton and 
Rusch, 247 

Glycine-2-C', formate-C', adenine-4,6-C', and phosphate- 
P*2, incorporation into nucleic acids. Payne, Kelly, and 
Jones, 666 

—-—, incorporation into nucleic acid purines and proteins. 
Tyner, Heidelberger, and LePage, 158 


Glycolysis, anaerobic, in tumor homogenates, studied with la- 
beled pyruvate. Groth, LePage, Heidelberger, and Stotsz, 
529 


and respiration of leukocytes in health and leukemia. 


Beck and Valentine, 818, 823 
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Gold colloid (Au'®*) and 3’ -Me-DAB effect on rat liver. Wil- 
liams, 309 
, effect on ascites tumor HS-1. Williams and Williams, 


309 


, —— on leukemia. Goldie, Watkins, Powell, and Hahn, 
92 


, failure of placenta to pass. Haigler and Williams, 268 

Gold seeds, Au!®* in, for cancer therapy. Myers and Colmery, 
285 

Goldfish, nerve sheath tumors in. Schlumberger, 890 

Gonadectomy in reciprocal] crosses in mice, adrenal tumors etc. 
following. Woolley, Dickie, and Little, 142 


Gonadotrophins during tumor growth in the rat, inhibition of. 
Begg and Stewart, 248 


Granulosa-cell tumors, experimentally produced in rats. Peck- 
ham and Greene, 25 

in rabbits. Peckham and Greene, 654 

Growth of carcinoma implants in fed and fasted rats. LePage, 
Potter, Busch, Heidelberger, and Hurlbert, 153 

of free tumor cells in the pleural exudate and their trans- 
plantation. Goldie, Jeffries, Maxwell, and Hahn, 422 

Guinea pigs, scorbutic, induction of tumors by methylcholan- 
threne in. Russell, Ortega, and Wynne, 216 


Hamster, adrenalectomized, growth of Sarcoma 180 in. Agate 
and Agate, 243 

cheek pouch, heterologous tumor growth in. Patt, Hand- 

ler, and Lutz, 287 

, transplantation of human cancers to. Chute, 

Sommers, and Warren, 912 

, male, effect of estrogens on induction of renal tumors and 

hepatomas in. Kirkman, 274 

, malignant basaloma transplantable in. Crabb and Kel- 

sall, 256 

, treated with sex hormones, tumors of epididymis or 

uterus in. Bacon, 246 


Hemoantibodies in mouse leukemia. Davidsohn and Stern, 257 


Hemolysins in spontaneous mouse mammary tumors as com- 
pared to those in normal tissue. Ponder and Nesmith, 104 


Hepatectomized rats, serum from, effect on cells in vitro. Glinos 
and Gey, 265 


Hepatoma C954, effect of ascorbic acid and rutin on trans- 

plantability of. Leise, Schwanfelder, and Harvey, 643 
98/15, oxidative phosphorylation by mitochondria of. 
Kielley, 124 


Hepatomas, spontaneous, incidence in certain mouse strains 
and effect of estrogen and androgen in C3H mice. Agnew 
and Gardner, 757 


Histamine, hematological response of leukemic patients to. 
Bierman, Kelly, Cordes, White, and Littman, 248 

Histocompatibility and chromosome ploidy in ascites tumors. 
Hauschka, 269 

Homoiografts, normal, effect of prior injections of lyophilized 
tissues on survival of. Kaliss and Spain, 272 


Homoiotransplants, tumor, effect of prior injections of lyoph- 
ilized tissues on survival of. Kaliss, 379 


Hormone, possible, concerned in recovery from radiation in- 
jury: review. Jacobson, 315 

Human adults, development of acute leukemia in. Block and 
Jacobson, 250 

brain tumors, use of Rb** to localize. Zipser and Freed- 

berg, 867 

bronchiogenic carcinoma, etiologic factors. Wynder and 

Jeghers, 311 

cancer, aureomycin therapy in. Bateman, Klopp, and 

Barbario, 247 

, growth rate and psychological factors. West, Blum- 

berg, and Ellis, 306 

, heterotransplantation of. I. Irradiated rats. Som- 
mers, Chute, and Warren, 909 

—— —---, . Il. Hamster cheek pouch. Chute, Sommers, 
and Warren, 912 


III. Chorioallantoic membranes of em. 
bryonated eggs. Sommers, Sullivan, and Warren, 915 

, lipids as cause of abnormal properties of serum al.- 
bumins in. Hanke and Kahn, 269 

patients, administration of a-peltatin to. Greenspan, 
Colsky, Schoenbach, and Shear, 266 

——, blood volume, body water, and circulation 
time in. Kelly, Bierman, and Shimkin, 814 | 

, urinary ketosteroids in. Engel, Olmsted, and 
Nathanson, 259 

cervical carcinoma and normal epithelium, tissue culture 
studies of. Gey, Coffman, and Kubicek, 264 
chondrosarcoma, uptake of radiosulfur by. Gottschalk 
and Allen, 266 

gastric carcinoma, histogenesis of. Mulligan and Rember, 
285 

intestinal absorption following small bowel resection for 
sarcoma. Spencer and Lewin, 298 

intra-arterial administration of chemotherapeutic agents. 
: wy itrogen mustard. Sullivan, Jones, Shorey, and Schnabel, 


imi neoplasms, pressure effects of. Halpert and 
Fields, 268 

leukemia, blast-cell, studies on 6-glucuronidase in. An- 
lyan and Sherman, 244 

, glycolysis and respiration of leukocytes in. Beck and 
Valentine, 818, 823 

leukemic patients, hematological response to histamine. 
Bierman, Kelly, Cordes, White, and Littman, 248 

——., nucleic acid per cell in bone marrow of. Men- 


ten, 281 

lymphoma, histopathologic effects of ACTH or cortisone 
on. Block and Jacobson, 250 

malignancies of the central nervous system, exfoliative 
cytological diagnosis of. Platt, 288 

mammary and prostatic cancers, inhibition by adrenalec- 
tomy. Huggins and Bergenstal, 134 

multiple myeloma, electrophoretic study on origin of ab- 
normal proteins in. Miller, Brown, Miller, and Eitelman, 
283, 716 

neoplasms, effect of certain substituted malononitriles on. 
Petrakis, Bierman, and Shimkin, 573 

neoplastic and non-neoplastic lymph nodes, macromolec- 
ular particles from. Hoster, Van Winkle, Rabatin, and Hos- 
ter, 69 


. ITI. Electrophoretic 
studies. Rabatin, Van Winkle, Hoster, and Greider, 289 
diseases in infants and children. Lawrence and Don- 


lan, 900 

patients, administration of concentrated aqueous extracts 
of malignant tumors to. Weiss, 305 

treated with 2-chloro-2’-hydroxydiethyl sulfide. 
Seligman, Rutenberg, Persky, and Friedman, 295 

with carcinoma, lymphoblastoma, and leukemia, ex- 
cretion of uropepsin by. West and Ellis, 307 

of the cervix treated with Co®, cytological 
studies on. von Haam, Hendricks, and Morton, 303 

with Hodgkin’s disease, lysine-deficient and pheny]l- 
alanine-deficient diets in. Frajola, Wu, DeVore, and Hoster, 
262 

senile keratosis, cytochemical study of DNA i in. Leuch- 
tenberger and Lund, 278 


Hyaluronidase content of necrotic tumor and testis tissue. 
Balazs and von Euler, 326 


Hydrocarbons, aromatic polycyclic, in carbon blacks. Falk and 
Steiner, 30 

DL-y-Hydroxy-a-aminobutyric acid, 
peutically. Greenberg and Gal, 242 


Hypernephroma HC-330 (human source), effect on ascorbic 
acid of tissues. Leise, Harvey, and Schwanfelder, 640 


Hypophysectomy, effect on Walker carcinoma 256. Talalay, 
Takano, and Huggins, 838 


Hypotension, role in action of bacterial toxin on tumors. Al- 
gire, Legallais, and Anderson, 244 


inactive chemothera- 
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Immunity, acquired, and natural resistance, in studies on an- 
terior chamber in tumor transplantation. Eichwald, Chang, 
and Hattori, 258 

. Eichwald, Chang, and Landa, 490 

—— to transplanted tumor cells, studies with Brown-Pearce 
carcinoma. Ellis and Kidd, 259 

Immunogenetic influences upon transplanted tumors. Barrett, 
535 


Immunogenetics of tumor transplantation. Snell, 543 
Immunologic aspects of cancer: a review. Hauschka, 615 


Immunology and chemistry of carcinogen-protein complexes. 
Creech, 557 

Infrared absorption curves for normal and neoplastic tissues 
and related biological substances. Woernley, 516 


Inherited susceptibility and inherited hormonal influence in the 
genesis of mammary cancer in mice. Bittner, 594 

Intra-arterial administration of chemotherapeutic agents to 
patients. Sullivan, Jones, Shorey, and Schnabel, 300 

—— cancer chemotherapy, fractionated, evaluation in the 
rat. Trams, Loustalot, and Klopp, 302 


Iodine-131 uptake by thyroid tumors in mice. Wollman, Scow, 
Wagner, and Morris, 311 


Iron content of mammary gland in different strains of mice. 
Rawlinson and Pierce, 289 


Isocitric dehydrogenase in tumors. Wenner, Spirtes, and Wein- 
house, 44 


Isopropylhomocysteine, inactive chemotherapeutically. Green- 
berg and Gal, 242 


Jensen sarcoma, acid profile following malonate in vivo. 
Busch and Potter, 660 


a-Ketoglutarate dehydrogenase in tumors. Wenner, Spirtes, 
and Weinhouse, 44 


Ketosteroids, urinary, analysis by counter-current distribu- 
tion. Engel, Olmsted, and Nathanson, 259 


Lactic dehydrogenase in tumors. Wenner, Spirtes, and Wein- 
house, 44 


Lanthanum!®® and La}? chloride, effect on ascites tumors. 
Lewin, Spencer, Eckstein, Woidowsky, Stern, and Laszlo, 
278 

Leukemia extracts, filtered, spherical particles in. Gross, Mc- 
Carty, and Cohen, 267 

in mice, induction by estrogen, methylcholanthrene, and 
x-rays. Kirschbaum, Shapiro, and Mixer, 275 

—— line 15 (granulocytic), inactivation in vitro by antibodies 
produced in foreign host. Werder, Kirschbaum, MacDowell, 
and Syverton, 886 


——, lymphocytic, P1534, in studies of resistance-producing ~ 


mutation. Borges and Kvedar, 19 

» spontaneous in AK4 mice, in studies on DNA content 

per nucleus in spleen. Mizen and Petermann, 727 

, AK4, effect of colloidal Au'®* on. Goldie, Watkins, 

Powell, and Hahn, 92 

, failure of C!4-formate to affect the course of. Skip- 
per, Bell, and Chapman, 371 

——-, ——, in studies on DNA content per nucleus in spleen. 
Mizen and Petermann, 727 

—, , intrapleural growth of. Goldie, Jeffries, Maxwell, 
and Hahn, 422 

, C 1498 (granulocytic), in studies of resistance-produc- 
ing mutation. Borges and Kvedar, 19 

—, ——, ——_, —— —— on deamination of azaguanine. 
Hirschberg, Kream, and Gellhorn, 524 

, intra-pleural growth of. Goldie, Jeffries, Max- 

well, and Hahn, 422 

effect of x-radiation and cortisone on transplant- 

ability of. Werder, Syverton, and Friedman, 306 

(lymphocytic), inactivation in vitro by antibodies 

produced in foreign host. Werder, Kirschbaum, MacDowell, 

and Syverton, 886 

, L1210 (lymphocytic), effect of combinations of anti- 

leukemic agents on. Law, 8 


, L.1210-D (dependent on A-methopterin), in studies on 
effect of A-methopterin on formate incorporation into nu- 
cleic acids. Skipper, Bennett, and Law, 677 

, L.1210-S (susceptible to A-methopterin), in studies on 
effect of A-methopterin on formate incorporation into nu- 
cleic acids. Skipper, Bennett, and Law, 677 

, 765 (granulocytic), effects of freezing, storage, and thaw- 
ing on transplantability of. Gabrielson, Syverton, and 
Kirschbaum, 117 

, 876 (lymphocytic), effects of freezing, storage, and thaw- 
ing on transplantability of. Gabrielson, Syverton, and 
Kirschbaum, 117 

, 926 (lymphocytic), effects of freezing, storage, and thaw- 
ing on transplantability of. Gabrielson, Syverton, and 
Kirschbaum, 117 

, 9421, in studies on DNA content per nucleus in spleen. 
Mizen and Petermann, 727 

: , in ultracentrifugal studies on macromolecular par- 
ticles in spleen. Petermann and Hamilton, 373 


Leukemias, mouse, hemoantibodies in. Davidsohn and Stern, 
257 


Leukocytes, aerobic, carbohydrate metabolism of, in health 
and leukemia. Beck and Valentine, 818, 823 


Leukocytosis accompanying growth of transplanted tumors in 
rats. Crossley, Allison, and Slovik, 256 


Lipids as cause of abnormal properties of serum albumins in 
human cancer. Hanke and Kahn, 269 


Liver carcinoma C954, in studies of resistance-producing mu- 
tation. Borges and Kvedar, 19 

—— function test: serum cholinesterase. Molander, Friedman, 
and LaDue, 284 

mitochondria, number of, in different physiological con- 
ditions. Allard, Mathieu, de Lamirande, and Cantero, 407 

—— proteins of rats fed 4-dimethylaminoazobenzene, electro- 
phoretic changes in. Hoffman and Schectman, 129 

—— tumors, rat and mouse, comparison of enzymatic activity 
of. Kensler, Rudden, and Langemann, 274 


Lung circulation, passage of tumor cell emboli through. Zeid- 
man and Buss, 731 


" Lungfish, African, Spermatocytoma in. Nigrelli and Jakowska, 
286 


Lymph nodes, human neoplastic and non-neoplastic, macro- 
molecular particles from. Hoster, Van Winkle, Rabatin, and 
Hoster, 69 


Lymphoid tissue, effects of various steroids on. Money, Fager, 
and Rawson, 206 

nucleic acids, effect of radiation on. Weymouth and 

Kaplan, 307, 680 


Lymphoma, DBA, in studies on transmission by isolated chro- 
matin fractions. Klein, 589 

incidence in thymectomized irradiated C57BL mice, lack 

of effect of thymic implants on. Kaplan, Brown, and Walser, 

273 

, radiation-induced, shielding as protection against. Kap- 

lan and Brown, 273, 441 

: , testosterone as protection against. Kaplan and 

Brown, 445 

, spontaneous AK, in studies on natural resistance and ac- 
quired immunity with anterior chamber transplantation. 
EKichwald, Chang, and Landa, 490 

Lymphosarcoma induced by feeding certain dyes. Willheim 

and Ivy, 308 

, mediastinal, early stages in C57 mice. Rygaard, 293 


—— transmission by isolated chromatin fractions, nature of. 
Klein, 589 

, 6C3HED, in studies on deamination of azaguanine. 

Hirschberg, Kream, and Gellhorn, 524 

on transmission by isolated chromatin 


fractions. Klein, 589 


Lysine-deficient diet in Hodgkin’s disease. Frajola, Wu, ,De- 
Vore, and Hoster, 262 


Magnesium-deficient diet and susceptibility of sarcoma to 
x-ray. Franks, McGregor, Shaw, and Skublics, 262 
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Malic dehydrogenase in tumors. Wenner, Spirtes, and Wein- 
house, 44 


Malonate in tumor-bearing rats, effects of. Busch and Potter, 
252, 660 


Malononitriles and urinary excretion of thiocyanate. Gal, 
Swirnofsky, and Greenberg, 263 
, substituted, effect of 67 compounds on tumor growth. 
Gal, Fung, and Greenberg, 565 
' on rhodanese content of tissues in normal and 
_ tumor-bearing animals. Gal, Fung, and Greenberg, 574 
, in neoplastic diseases i in man. Petrakis, Bierman, 
endl Shimkin, 573 
Mammary adenocarcinoma, spontaneous in CBA mice, in 
studies on natural resistance and acquired immunity with 
anterior chamber transplantation. Eichwald, Chang, and 
Landa, 490. 
———, in C3H mice, hemolysins of. Ponder and Nesmith, 
104 
——, in studies of resistance-producing- mutation. 
Borges and Kvedar, 19 
, B2, in studies of resistance-producing re Bor- 
ges and Kvedar, 19 
———., C3H, incorporation and turnover of radiophosphorus 
in. Albaum, Goldfeder, and Eisler, 188 
, C3HBA, in studies on natural resistance and acquired 
immunity with anterior chamber transplantation. Eich- 
wald, Chang, and Landa, 490 
, dbrB, incorporation and turnover of radiophosphorus 
in. Albaum, Goldfeder, and Eisler, 188 
———, , in studies of resistance-producing mutation. 
Borges and Kvedar, 19 
, E 0771, in studies of resistance-producing mutation. 
Borges and Kvedar, 19 
———, on deamination of azaguanine. Hirsch- 
berg, Kream, and Gellhorn, 524 
———, , second transplantation of. Casey, Drysdale, 
Shear, and Gunn, 807 
—_—_— , X YZ factors for. Casey, Shear, and Gunn, 253 
———., RC, in studies on deamination of azaguanine. Hirsch- 
berg, Kream, and Gellhorn, 524 
———., 755, effect on ascorbic acid of tissues. Leise, Harvey, 
and Schwanfelder, 640 
———., , influence on Sarcoma 180 in the mouse. Antopol, 
Graff, _— and Agate, 245 
a, ———. Graff, Antopol, Zagal, and Agate, 383 
in studies of combination chemotherapy with sex 
hormones and azaguanine. Shapiro, 713 
—— , on deamination of azaguanine. Hirsch- 
berg, Kream, and Gellhorn, 524 
, 15091a, in studies of resistance-producing mutation. 
Borges and Kvedar, 19 
Mammary blockage and hyperplastic nodules. Fekete, Little, 
and Richardson, 219 
cancer in mice, studies on inherited susceptibility and in- 
herited hormonal influence in. Bittner, 594 
carcinoma, new transplantable. Copeland and Engel, 255 
tumors, spontaneous, effect of ultraviolet irradiation on 
production of. Clark, Luce-Clausen, and Mider, 451 


Marsh-Simpson tumor, effect of x-radiation on. Reinhard, 
Goltz, and Warner, 433 


Maternal influence in development of mammary tumors in 
agent-free C3Hb mice, test for. Heston and Deringer, 270 


Melamine, inactive chemotherapeutically. Cutting, 242 


Metabolic blocking in vivo. I. Effects of malonate in tumor- 
bearing rats. Busch and Potter, 660 


Metaphase to prophase ratio in normal and neoplastic tissues. 
Fardon and Prince, 793 


Metaplasia, epithelial, alkaline phosphatase in. Bern, 85 


Metastatic tumors, differential growth in liver and lung. Lucké, 
Breedis, Woo, Berwick, and Nowell, 734 

Methionine-S* uptake by ascites tumor HS-1. Williams, Wil- 
liams, and Haigler, 310 


3’-Methyl-4-aminoazobenzene, carcinogenicity and methyla- 
tion of. Miller and Miller, 283 


Methylandrostenediol, biological and clinical properties of. 
Homburger, Riotton, Casdon, Bonner, Dart, and Fishman, 
271 


Methylbis(2-chloroethy]) amine, administered intra-arterially 
to patients. Sullivan, Jones, Shorey, and Schnabel, 300 

, effect on tumor incidence and lethal mutation rate in 

Drosophila. Burdette, 366 


Methylbis(2-chloroethyl)amine oxide, effect on a variety of 
rat and mouse tumors. Sugiura and Stock, 301 


Methylcholanthrene applied to exposed gastric mucosa of rats. 
Kobernick, Toovey, and Webster, 591 

by stomach tube prior to conception, tumor incidence in 

F, and F: generations from female rats fed. Shay, Gruen- 

stein, and Weinberger, 296 

carcinogenesis, changes in cells of epidermis during. 
Davibhadhana, 165 

——, Drosophila treated with, tumor incidence and lethal mu- 
tation rate in. Burdette, 201 

, fibrosarcomas induced by, studies on survival time of 

mice bearing. Strong, 508 

in body cavity of cockroach, cellular response to. Schlum- 

berger, 294 

induction of tumors in scorbutic guinea pigs. Russell, 

Ortega, and Wynne, 216 

, tumors induced by gastric instillation of, electrophoretic 

analysis of serum of rats bearing. Schultz, Shay, Jamison, 

and Gruenstein, 294 

, twelve mutations in one descent of mice injected with. 

Strong, 300 


Methylcholanthrene and 3’-methyl-4-dimethylaminoazoben- 
zene, liver tumor inhibition and adrenal histologic responses 
in rats treated simultaneously with. Richardson, Stier, and 
Borsos-Nachtnebel, 356 


3’-Methyl-4-dimethylaminoazobenzene carcinogenesis, ade- 
nine-8-C!4, incorporation into liver nucleic acids during. 
Griffin, Davis, and Tifft, 707 

. electrophoretic studies on liver proteins during. 

Eldredge and Luck, 801 

, inhibition in the alloxan-diabetic rat. Salzberg and 
Griffin, 294 

——, cytologic smear study of liver nuclear change in rats fed. 
Richardson, 290 

, effect of atabrine and related compounds on induction of 

liver tumors by. Rumsfeld, Clayton, and Baumann, 671 

feeding, nucleic acids in cell fractions during pre-hepa- 

toma phase of. Pryor, Williams, and Atkinson, 288 

in studies on synergism. MacDonald, Miller, Miller, and 

Rusch, 50 

in Tween 80, acute liver changes produced by. Williams, 

309 

, microscopic changes in livers of rats fed. Price, Harman, 

Miller, and Miller, 192 

, ———. Price and Harman, 288 


3’-Methyl-4-dimethylaminoazobenzene and methylcholan- 
threne, liver tumor inhibition and adrenal histologic re- 
sponses in rats treated simultaneously with. Richardson, 
Stier, and Borsos-Nachtnebel, 356 


3’-Methyl-4-dimethylaminoazobenzene and radiogold colloid, 
effect on rat liver. Williams, 309 


4’-Methyl-4-dimethylaminoazobenzene in studies on syner- 
gism. MacDonald, Miller, Miller, and Rusch, 50 


N-Methyl-C'*-substituted aminoazo dyes, metabolism of. 
MacDonald, Plescia, Miller, and Miller, 280 


Mice, standardized nomenclature for inbred strains of. 602 


Micronuclei-containing cells of Ehrlich ascites tumor follow- 
ing colchicine treatment, DNA content of. Klein, Klein, and 
Klein, 484 


Micro-organisms isolated from tumor tissue, relationship to 
cells of host. Diller, 257 


Milk agent, effect on phosphorus metabolism of endocrine 
glands. Albert and Johnson, 243, 584 
———, transfer by the male. Bittner, 249, 387 ) 
, tumor growth in mice with and without. Barrett and 
Deringer, 246 
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———,, tumor-inducing properties in young and adult mice. 
Bittner, 510 

Mitochondria, counting technic for, and application to rat liver 
in different conditions. Allard, Mathieu, de Lamirande, and 
Cantero, 407 

—— in rat liver cells, variation in number during regeneration. 
Allard, de Lamirande, and Cantero, 580 

—— of hepatoma and liver, oxidative phosphorylation by. 
Kielley, 124 

—— of normal and neoplastic tissues, DPN requirements for 
oxidations by. Wenner and Weinhouse, 306 

——., rat liver, separation into two morphologically and bio- 
chemically distinct subfractions. Laird, Nygaard, and Ris, 
276 


Mitosis, alterations in, produced in chick fibroblast tissue cul- 
tures by triethylene melamine. Plummer, Wright, Antika- 
jian, and Weintraub, 796 

——, chemistry of. Lettré, 847 

——: metaphase to prophase ratios in normal and neoplastic 
tissues. Fardon and Prince, 793 


Mitotic poisons, their antagonists and synergists, and cell be- 
havior. Lettré, 847 


Monkeys, tumors in. Figge, 261 
Morin, inactive chemotherapeutically. Cutting, 242 


Miillerian origin, malignant mixed tumors of, histogenesis of. 
Clark, Sternberg, and Smith, 254 


Mutation producing resistance to several transplantable neo- 
plasms in C57BL mice. Borges and Kvedar, 19 

rate, lethal, and tumor incidence in Drosophila treated 
with methylcholanthrene. Burdette, 201 

mustard. Burdette, 366 


Mycobacterium from human and animal tumors, malignant 
changes induced by. Smith, Caspe, and Alexander-Jackson, 
298 


Myeloma, multiple, electrophoretic study on origin of abnor- 
mal proteins in. Miller, Brown, Miller, and Eitelman, 283, 
716 


B-Naphthylamine, cellular localization of. Mellors, 281 

, effect of pantothenate on action of. Allison, Wase, and 

Migliarese, 244 

, radioactive (2-aminonaphthalene-5,8-C'4), preparation 
and excretion pattern. Twombley and Meislich, 303 

Nerve sheath tumors in an isolated goldfish population. 
Schlumberger, 890 

Neuroblastoma C1300 in studies on natural resistance and ac- 
quired immunity with anterior chamber transplantation. 
Eichwald, Chang, and Landa, 490 


Newt, accessory limbs and sarcoma induced by carcinogens in. 
Breedis, 861 


Nicotinamide content of some normal and malignant tissues; 
the apparent absence of niacin in epidermis. Carruthers and 
Suntzeff, 879 


DL-p-Nitrobenzoyl serine, 
Greenberg and Gal, 242 


Nitrofurans, effect on normal testis and on testicular tumors. 
Friedgood, Danza, and Boccabella, 262 


Nitrogen excretion following whole-body x-radiation. White 
and Burr, 307 


Nitrogen mustard. See Methylbis(2-chloroethyl)amine. 


3-Nitro-4-hydroxyphenyl arsonic acid, inactive chemothera- 
peutically. Freedlander and Furst, 242 


2-(p-Nitrostyryl)-6-methoxyquinoline, inactive chemothera- 
peutically. Freedlander and Furst, 242 


5-Nitrouracil, inactive chemotherapeutically. Turner, 242 
Nomenclature, standardized, for inbred strains of mice. 602 
Nuclear inclusions in hepatomas. Wilson, 311 


Nuclei, estimation of nucleic acids in individual isolated. 
Leuchtenberger, Klein, and Klein, 480 


inactive chemotherapeutically. 


from normal and leukemic mouse spleen. III. DNA con- 
tent per nucleus. Mizen and Petermann, 727 


Nucleic acid concentration in DBA ascites thymoma as func- 


tion of age and growth rate. Levy, Davidson, and Schade, 
278 


content per cell of leukemic bone marrow. Menten, 281 
incorporation of adenine-8-C" during azo dye carcino- 
genesis. Griffin, Davis, and Tifft, 267, 707 

purines and proteins, in vivo incorporation of glycine- 
2-C14 into. Tyner, HeideJberger, and LePage, 158 
synthesis, A-methopterin inhibition of, partially re- 
versed by folic acid. Skipper, Nolan, Newton, and Simpson, 
369 


turnover, studied with formate-C" and glycine-2-C, 
effect of neoplasia on. Payne, Kelly, Beach, and Jones, 426 


Nucleic acids, formate incorporation into, effect of A-methop- 
terin in susceptible and resistant leukemic cells. Skipper, 
Bennett, and Law, 677 

, Incorporation of formate-C™, glycine-2-C', adenine- 

4,6-C'4, and phosphate-P® into. Payne, Kelly, and Jones, 

666 


in individual isolated nuclei, estimation by ultraviolet 
microspectrophotometry compared to chemical analysis. 
Leuchtenberger, Klein, and Klein, 277, 480 

in rat liver cell fractions during pre-hepatoma phase of 
3’-Me-DAB feeding. Pryor, Williams, and Atkinson, 288 

, liver, effect of neoplastic tissue on turnover of. Payne, 
Kelly, and White, 65 

of lymphoid tissue, effect of radiation on. Weymouth 
and Kaplan, 307, 680 

, uptake of radiophosphorus into, relation to age of de- 
veloping chick embryos. Stevens, 62 


Nucleoli, rat liver cell, isolation and properties of. Litt, Monty, 
and Dounce, 279 


Ovary, transplanted, tumorigenesis in. Gardner, 264 


Overripeness of the egg as a cause of twinning and teratogene- 
sis: review. Witschi, 763 


Oxalacetic carboxylase in tumors. Wenner, Spirtes, and Wein- 
house, 44 


(3-oxapentamethylene) - N’, N’’-diethylenephosphoramide, 


effect on rat cancer. Crossley, Allison, Parker, Kuh, and See- 
ger, 256 


Oxidation-reduction studies in cancer. Claudatus and Lewis, 
255 
Oxidative phosphorylation. See Phosphorylation, oxidative. 


Oxidative rate and phosphate turnover in homogenates of tu- 
mors. Siekevitz, Simonson, and Potter, 297 


Oxygen concentration, effect on x-ray induction of melanotic 
tumors in Drosophila. Plaine and Glass, 829 


Pantothenate, dietary, effect on metabolism of 2-aminofluo- 
rene. Allison and Wase, 647 

, effect on action of carcinogenic amines. Allison, Wase, 

and Migliarese, 244 


Particles, cell, isolation of. Krakaur, Graff, and Graff, 276 

, cytoplasmic, from malignant tissues, catalysis of oxida- 
tive phosphorylation by. Williams-Ashman and Kennedy, © 
415 

, macromolecular, from human neoplastic and non-neo- 
plastic lymph nodes. Hoster, Van Winkle, Rabatin, and 
Hoster, 69 


. III. Electrophoretic studies. Rabatin, Van 
Winkle, Hoster, and Greider, 289 

’ , of normal and leukemic mouse spleen, ultracen- 
trifugal analysis of. Petermann and Hamilton, 373 

, spherical, in filtered mouse leukemia extracts. Gross, 
McCarty, and Cohen, 267 

, tumor, incorporation of P® into. Kennedy and Williams- 
Ashman, 274 


Pasteur effect in yeast, inhibition by tumor extracts. Ghosh 
and Lardy, 232 

a-Peltatin administered to patients. Greenspan, Colsky, 
Schoenbach, and Shear, 266 
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in combination therapy of mouse leukemia. Law, 871 


N-Pentamethylene-N’, N’’-diethylenephosphoramide, effect on 
rat cancer. Crossley, Allison, Parker, Kuh, and Seeger, 256 


Pentolysis by serum of rats bearing malignant tumors, failure 
to observe. Roe, Cassidy, Tatum, and Rice, 238 


Peptidase activity in thymus glands of normal and leukemic 
mice during growth and aging. Birmingham, Grad, Putnam, 
and Stern, 249 


Peptides, uptake by a free-cell neoplasm. Christensen and 
Rafn, 495 


1-Phenacyl-4(n-amy]l) pyridinium iodide, inactive chemothera- 
peutically. Ward and Griffin, 242 


Phenylalanine-deficient diet in Hodgkin’s disease. Frajola, Wu, 
DeVore, and Hoster, 262 


pL-Phenylserine, inactive chemotherapeutically. Greenberg 
and Gal, 242 


Phosphate turnover and oxidative rate in homogenates of tu- 
mors. Siekevitz, Simonson, and Potter, 297 

Phosphate-P*®, formate-C", glycine-2-C"4, and adenine-4,6-C", 
incorporation into nucleic acids. Payne, Kelly, and Jones, 
666 

incorporation into tumor particles. Kennedy and Wil- 

liams-Ashman, 274 

, uptake by mouse mammary carcinoma. Barnum, Huse- 

by, and Vermund, 246 


Phosphoramides, new, inhibitory action on Sarcoma 180. 
Stock, Buckley, Clarke, Parker, Crossley, Kuh, and Seeger, 
300 


Phosphorus metabolism of endocrine glands, effect of inherited 
factors, milk agent, and physiological state on. Albert and 
Johnson, 243, 584 


Phosphorylation, oxidative, by mitochondria of hepatoma and 
liver. Kielley, 124 

; , catalyzed by cytoplasmic particles isolated from 
malignant tissues. Williams-Ashman and Kennedy, 415 

Pigeons, Rous sarcoma adapted to. Borges and Duran-Rey- 
nals, 55 

Pituitary activity of castrated or x-rayed female mice in para- 
biosis with normal females, action of testosterone on. Chang 
and Van Eck, 254 


growth hormone, effect on mice. Moon, Simpson, Li, and 
Evans, 448 


on tumor growth. Smith, Slattery, 

Shimkin, Li, Lon Clarke, and Lyons, 59 

growths, grafted, hyperplasia and cystic dilatation of 

extrahepatic biliary tracts in mice bearing. Furth, Gadsden, 

and Upton, 739 

tumors induced by I'*!, transplantation and secretions of. 
Furth, Burnett, Gadsden, and Dent, 263 

Placenta, failure to pass gold colloid. Haigler and Williams, 268 

Plasma proteins in rats bearing regenerating and preneoplastic 
livers, electrophoretic analysis of. de Lamirande and Can- 
tero, 330 

Pleural cavity, growth of free tumor cells in. Goldie, Jeffries, 
Maxwell, and Hahn, 422 

Podophyllin, nondialyzable, buffer-soluble fraction of, tumor- 
depressant effect of. Loran and Towbin, 280 

Polarographically reducible substances in carcinogenesis, 
further studies on. Carruthers and Suntzeff, 253 

in normal and malignant tissues. Carruthers and Sunt- 
zeff, 879 

Polysaccharide, bacterial, capillary fragility and tumor-break- 
ing property of. Eddy, Sokoloff, and Powella, 258 

» , role of hypotension in action of. Algire, Legallais, 
and Anderson, 244 

Presidential address, April, 1952. An evaluation of the cancer 
problem. Steiner, 455 

Propanediol phosphate, formed from pyruvate by tumor 
homogenate. Groth, LePage, Heidelberger, and Stoesz, 529 


Protein-carcinogen conjugates, chemical and immunological 
properties of. Creech, 557 


Proteins and nucleic acid purines, in vivo incorporation of 
glycine-2-C!4 into. Tyner, Heidelberger, and LePage, 158 
and purines, in vitro synthesis of glycine into. LePage, 277 
Psychological factors and growth rate of cancer in man. West, 

Blumberg, and Ellis, 306 


Purine antagonism and differential toxicity of some 2-azapu- 
rines in tumor tissue culture. Biesele, Berger, and Clarke, 
249 

—— utilization in Tetrahymena, effect of azaguanine on. 
Flavin, 261 


Purines and proteins, in vitro synthesis of glycine into. LePage, 
277 

and purine nucleosides, effect of 124 compounds on Sar- 

coma 180 cells in vitro. Biesele, Berger, and Clarke, 399 

in mouse tissue cultures, antagonism 

studies with. Biesele, Berger, and Clarke, 465 

, biosynthesis and inhibition of. Engelman, Gillespie, 
Weintraub, and Graff, 260 

—-—, nucleic acid, and proteins, in vivo incorporation of gly- 
cine-2-C4 into. Tyner, Heidelberger, and LePage, 158 

Pyrene, adsorption by carbon blacks. Falk and Steiner, 40 

in carbon blacks. Falk and Steiner, 30 

Pyruvate, metabolism in tumor homogenates. Groth, LePage, 
Heidelberger, and Stoesz, 529 


1-Quinaldyl-2-hydroxy-3-trichloropropane, 
therapeutically. Freedman and Furst, 242 


Quinine, effect on azo dye induction of liver tumors. Rumsfeld, 
Clayton, and Baumann, 671 


inactive chemo- 


Reciprocal crosses in mice, adrenal tumors, etc. following 
gonadectomy in. Woolley, Dickie, and Little, 142 


Regenerating liver, electrophoretic analysis of plasma proteins 
in rats with. de Lamirande and Cantero, 330 

, histochemical studies on. Yokoyama, Tsuboi, Wilson, 

and Stowell, 312 


Regeneration processes in fishes after amputations of dorsal 
fins with and without melanotic tumors. Ermin and Gordon, 
260 

Resistance, natural, and acquired immunity, in studies on an- 
terior chamber in tumor transplantation. Eichwald, Chang, 
and Hattori, 258 

—-, . Eichwald, Chang, and Landa, 490 

—— to neoplasms, produced by mutation. Borges and Kvedar, 
19 


Respiration and glycolysis of leukocytes in health and leuke- 
mia. Beck and Valentine, 818, 823 


Review: Different types of carcinogens and their possible 
modes of action. Boyland, 77 

: Environmental cancers. Hueper, 691 

——-: Evidence for a humoral factor (or factors) concerned in 
recovery from radiation injury. Jacobson, 315 

——: Immunologic aspects of cancer. Hauschka, 615 

: Overripeness of the egg as a cause of twinning and terato- 

genesis. Witschi, 763 

: Some investigations on cell behavior under various con- 

ditions. Lettré, 847 


Rhabdomyosarcoma, S653, in studies of niiteeniitiniiaiiiie 
mutation. Borges and Kvedar, 19 


Rhodanese, distribution in tissues of normal and tumor-bear- 
ing animals and effect of malononitriles thereon. Gal, Fung, 
and Greenberg, 574 


Riboflavin antagonist in combination chemotherapy with aza- 
guanine. Fugmann and Shapiro, 263 

, dietary, effect on metabolism of 2-aminofluorene. Allison 

and Wase, 647 


Rous sarcoma adapted to pigeons. Borges and Duran-Reynals, 
55 


Rubidium-86, distribution in normal and neoplastic tissues of 
mice and humans. Zipser and Freedberg, 867 


Rutin, effect on transplantability of hepatoma and levels of 
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ascorbic acid in mouse tissues. Leise, Schwanfelder, and Har- 
vey, 643 
——, inactive chemotherapeutically. Cutting, 242 


Sarcoma I, effect of tissue antiserums on survival of. Kaliss and 
Molomut, 110 

—— $7, intrapleural growth as free cells. Goldie, Jeffries, 
Maxwell, and Hahn, 422 

, invasion of embryonic chick tissues by. Kautz, 180 

—— 180, growth in adrenalectomized hamster. Agate and 
Agate, 243 

, influence on adenocarcinoma 755 in the mouse. 
Antopol, Graff, Zagal, and Agate, 245 

— —. Graff, Antopol, Zagal, and 
Agate, 383 

, in studies of resistance-producing mutation. Borges 

and Kvedar, 19 

, on deamination of azaguanine. Hirschberg, 

Kream, and Gellhorn, 524 

in tissue culture for screening purines and deriva- 

tives. Biesele, Berger, and Clarke, 399 

, intrapleural growth as free cells. Goldie, Jeffries, 

Maxwell, and Hahn, 422 

, Invasion of embryonic chick tissues by. Kautz, 180 

—— 1509la, effect of tissue antiserums on survival of. Kaliss 
and Molomut, 110 


Shielding and partial-body irradiation of mice, protection 
against radiation-induced lymphoma by. Kaplan and 
Brown, 441 | 

Shope virus papillomas, serial transplantation to newborn rab- 
bits. Rogers, 292 

Sodium octanoate, inactive chemotherapeutically. Greenberg 
and Gal, 242 


Sodium phosphate (sec.), inactive chemotherapeutically. Tur- 
ner, 242 


Somatotrophin. See Pituitary growth hormone. 


Sperm, mammalian, fractionation into basic protein, lipopro- 
tein, and nucleic acid. Dallam and Thomas, 256 


Spermatocytoma in African lungfish. Nigrelli and Jakowska, 
286 


Spleen extract, intravenous, in malignancy. Watson, 304 


Steroids from acetate-C'4 in vivo. Ungar and Dorfman, 303 

——., sex, effects on castration-induced adrenal cortical adeno- 
mas. Monsen, 284 

, various, effects on lymphoid tissue of the rat. Money, 

Fager, and Rawson, 206 


Succinoxidase in tissues of normal and tumor-bearing rats, in- 
hibition by antimycin A. Reif and Potter, 290 


Sulfapyrazine, localization in cancer upon glucose injection. 
Stevens, Wagner, Quinlin, and Kock, 643 

, selective localization in cancer tissue after alloxan. Stev- 

ens, Quinlin, Kock, and Wagner, 299 


Sulfhydryl levels, plasma, during tumor growth. Shacter, En- 
tenman, and Shimkin, 295 


Sulfur, differences in lability in normal and tumor tissues. 
Ghosh and Lardy, 232 


Swordtail, development of thyroid tumors in. Aronowitz, Ed- 
gar, and Gordon, 245 


Synergism of mixtures of hepatic carcinogens. MacDonald, 
Miller, Miller, and Rusch, 50 


Teratogenesis, experimental, in roosters’ testes. Carleton, 
Friedman, and Bomze, 253 

, overripeness of the egg as cause of. Witschi, 763 

Teratoma, transplantable, of the mouse. Fekete and Ferrigno, 
438 

Test for malignancy, effect of heat inactivation on precipita- 


tion of serum proteins by means of sodium chromate. Koets, 
100 


, exfoliative cytological diagnosis of lesions in the cen- 


tral nervous system. Platt, 288 


, evaluation of serum polysaccharide and least coagulable 
protein concentration tests. Jones, Rosenthal, Shorey, Sul- 
livan, Beatty, and Witmer, 272 

, failure to observe pentolysis by serum of rats bearing 
malignant tumors. Roe, Cassidy, Tatum, and Rice, 238 

, Serum cholinesterase. Molander, Friedman, and La- 
Due, 284 

, tryptophanperchloric acid, observations on. Rosen- 
thal, Witmer, and Beatty, 292 


Testis and testicular tumors, effect of nitrofurans on. Fried- 
good, Danza, and Boccabella, 262 

, tumors of, in cryptorchid BALB/c mice bearing grafted 

ovaries. Huseby and Bittner, 271 


Testosterone, action on pituitary activity of castrated or 
x-rayed female mice in parabiosis with normal females. 
Chang and Van Eck, 254 

induction of tumors in hamsters. Bacon, 246 

prevention of post-irradiation lymphomas. Kaplan and 

Brown, 445 

with diethylstilbestrol and azaguanine, combination 

chemotherapy on mouse mammary carcinoma. Shapiro, 295, 

713 


Tetrahymena geleii, effect of azaguanine on purine utilization 
by. Flavin, 261 

Thiocyanate, urinary, from administered malononitriles. Gal, 
Swirnofsky, and Greenberg, 263 


2-Thiouracil and uracil, effect on AAF-induced liver cancer. 
Paschkis, Rutman, and Cantero, 286 


Thyroid tumors in C3H mice, I'*! uptake by. Wollman, Scow, 
Wagner, and Morris, 311 

in marine fishes. Nigrelli, 286 

in the swordtail, development of. Aronowitz, Edgar, 

and Gordon, 245 


Thyroxine in chemical carcinogenesis. Bather and Franks, 247 


Tissue constituents, 7m vivo combination with carcinogens. 
Miller and Miller, 547 

—— culture, in studies on cell behavior. Lettré, 847 

screening of purines and purine nucleosides for selec- 

tive damage to mouse sarcoma cells. Biesele, Berger, and 

Clarke, 399 

studies of cervical carcinoma and normal epithelium. 

Gey, Coffman, and Kubicek, 264 


Transplantation, behavior of components of tumor cells in. 
Lettré, 847 

conditions and hormonal secretions of pituitary tumors. 
Furth, Burnett, Gadsden, and Dent, 263 

——., effect of ascorbic acid and rutin on. Leise, Schwanfelder, 
and Harvey, 643 

——, heterologous, to cheek pouch of hamster. Patt, Handler, 
and Lutz, 287 

, immunogenetic influences upon. Barrett, 535 

—— of frozen Brown-Pearce carcinoma. Swerdlow and Saphir, 
301 


of human tumors to chorioallantoic membranes of em- 
bryonated eggs. Sommers, Sullivan, and Warren, 915 

to hamster cheek pouch. Chute, Sommers, 
and Warren, 912 


—— —— to irradiated rats. Sommers, Chute, and 
Warren, 909 


mals. Toolan, 302 
of mouse leukemia, effects of freezing, storage, and thaw- 
ing on. Gabrielson, Syverton, and Kirschbaum, 117 
of normal tissues, effect of tumor transplants on. Brown- 
ing, 13 
oof Shope papillomas to newborn rabbits. Rogers, 292 
, second, of Carcinoma E 0771 and Brown-Pearce carcino- 
ma. Casey, Drysdale, Shear, and Gunn, 807 
site, brain as. Greene, 266 
——., technical problems in. Loefer, 279 
——, tumor, immunogenetics of. Snell, 543 
' , significance of anterior chamber in. III. Natural 
resistance and acquired immunity. Eichwald, Chang, and 
Landa, 490 


to subcutaneous tissues of x-rayed ani- 
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Transulfurase. See Rhodanese. 


Tributyrinase, serum, in mice of C57, C3H, and A strains. 
Tuba, 113 


Triethylene melamine in combination therapy of mouse leuke- 
mia. Law, 871 
an vitro studies. I. Mitotic alterations produced in chick 
fibroblast tissue cultures. Plummer, Wright, Antikajian, and 
Weintraub, 796 


N,N’,N’’-triethylene phosphoramide, effect on a variety of rat 
and mouse tumors. Sugiura and Stock, 301 
Triturus viridescens. See Newt. 


Tween 80, intraperitoneal administration of azo dyes in. Wil- 
liams, 309 


Twinning, overripeness of the egg as cause of. Witschi, 763 


3-Tyrosine HCl, inactive chemotherapeutically. Greenberg and 
Gal, 242 


Ultracentrifugal analysis of macromolecular particles of nor- 
mal and leukemic mouse spleen. Petermann and Hamilton, 
373 


Ultraviolet microscopectrophotometry for estimation of nucleic 
acids in individual isolated nuclei. Leuchtenberger, Klein, 
and Klein, 277, 480 

radiation, effect on production of spontaneous mammary 
tumors in C3H mice. Clark, Luce-Clausen, and Mider, 451 

Universal reaction in cancer, effect of irradiation on. Kahn, 
Hodges, Lampe, and Doyle, 170 

in polycythemia vera, effect of irradiation on. Kahn, 
Bullock, and Bethell, 176 

Uracil and 2-thiouracil, effect on AAF-induced liver cancer: 
Paschkis, Rutman, and Cantero, 286 

, inactive chemotherapeutically. Turner, 242 

Urethan, effect on early development of zebra fish. Battle and 
Hisaoka, 334 

——, pulmonary adenomas induced with, linkage of. Burdette, 

2 


Urethan-injected pregnant mice, lung adenomas in offspring of. 
Klein, 275 

Uropepsin excretion rate by cancer patients. West and Ellis, 
307 

Uterus, mixed iat tumor of, histogenesis of. Clark, 
Sternberg, and Smith, 254 


, tumors of, in hamsters treated with sex hormones. Bacon, 
246 


Vascularization, role in survival of subcutaneous homografts. 
Merwin and Hill, 282 


Virus, frog renal carcinoma, transformations of. Rose and 
Rose, 1 


Virus. See also Milk agent; Shope papilloma; ete. 


Walker carcinoma 266, acid profile following malonate in vivo. 
Busch and Potter, 660 

, effect of adrenalectomy and hypophysectomy on 

growth in tube-fed rats. Talalay, Takano, and Huggins, 838 


, endocrine regulation of growth of. Talalay, Takano, 
and Huggins, 302 
in studies on transpulmonary passage of tumor cel] 
emboli. Zeidman and Buss, 731 
———,, necrotic, hyaluronidase in. Balazs and von Euler, 326 
———.,, standardization of growth of. Talalay, Takano, and 
Huggins, 834 


Xiphophorus montezumae. See Swordtail. 


X-radiation and cortisone, effect on transplantability of mouse 
leukemia. Werder, Syverton, and Friedman, 306 

, effect on nucleic acids of lymphoid tissue in C57BL mice. 

Weymouth and Kaplan, 307, 680 

on transplantable mouse tumor cells. Reinhard, 
Goltz, and Warner, 433 

—., on universal reaction in cancer. Kahn, Hodges, 
Lampe, and Doyle, 170 

—, —— —— —— —— in polycythemia vera. Kahn, Bul- 
lock, and Bethell, 176 

’ humoral factor concerned in recovery from injury by: 

a review. Jacobson, 315 

, induction of melanotic tumors in Drosophila by, effect 

of oxygen concentration. Plaine and Glass, 829 

an vitro of tumor fragments following pretreatment with 
cysteine. Hall, 787 

—— lymphoma, protection from by shielding. Kaplan and 
Brown, 273, 441 

—— —, —— —— —— testosterone. Kaplan and Brown, 
445 

——, mediastinal lymphosarcoma induced by. Rygaard, 293 

, neoplasia induced in rat embryos by. Wilson, Brent, and 

Jordan, 222 

of young animals prior to implantation of human tumors. 

Toolan, 302 

on biologic materials, comparative effect of high and low 

voltage. Gorham, Clark, Remp, and Olson, 265 

, sensitivity to, and “immunizing ability’ of mouse mam- 

mary tumors. Goldfeder and Inouye, 265 

, effect of ascorbic acid-free diet on tumors. 

Miller, Sokoloff, and Eddy, 284 

of flavonoids on. Arons, Oppenheim, 

Freeman, Williams, Sokoloff, and Eddy, 245 

. of oxygen on. Hall, Hamilton, and 


Brues, 968 

, susceptibility of sarcoma to, influence of copper-deficient 
and magnesium-deficient diets on. Franks, McGregor, Shaw, 
and Skublies, “262 

——, whole-body, nitrogen excretion following. White and 
Burr, 307 

XYZ factors for mouse mammary adenocarcinoma E 0771. 
Casey, Shear, and Gunn, 253 


in transplantation of Brown-Pearce carcinoma and car- 
cinoma E 0771. Casey, Drysdale, Shear, and Gunn, 807 


Yolk sac cultivation of azo dye-induced rat liver tumors. Arm- 
strong, Gray, and Ham, 698 


Zebra fish, effect of urethan on early development of. Battle 
and Hisaoka, 334 


j 
i 
| 
AST 
A 
by 
fe, 
: 

¥ 
> 

4 
: 

% 
= 

A? 

ay 

3 

2 

J 

a 

+ 

: 

a 

4 1 

| 

ct 

ae 


RESEARCH 


Back Volumes Available 


New Model With Pre-Set 
Diaphragm Control 


EXAKTA “VX"" 


35-mm. Single Lens Refiex Camera 
For Parallax-Free Medical 
Photography 


Volumes 3, 4, 5, 6, 9, 10, 11—complete 


Volumes 1, 2, 7, 8—incomplete 
(2 to 5 issues out of prin t The Exakta ‘‘VX,’’ with both regular and oto lenses, is 
‘ 7 widely used in medical research. Its unique through-the-lens 
viewing system assures absolutely correct ‘‘on-the-subject”’ 
photographs at all times. In addition, this world-famous medical 
camera is regularly used for preliminary, developmental, and end 
result of patients; and for making color tr ansparencies 


for recording and lecturing. 
Write for complete details concerning With #2.8 Zeiss Tessar "T” Coated Lens shite 
Penta-Prism Bye Level Reflex Viewfinder............ 50.00 
24.00 


FREE—Wriie Depi. 1100 for free booklet ‘‘K’’ on camera and 
accessories and brochure on close-up technique with the Exakia. 


EXAKTA CAMERA CO., 46 W. 29th St., New York 1, N.Y. 


ee WE Sales and Service Organization in the 
U.S.A. for Ihagee Camera Works, Germany * 


THE UN IVERSITY OF CHICAGO PRESS 
5750 ELLIS AVENUE CHICAGO 37, ILLINOIS 


) Pathology in General Surgery 


A new approach to surgical pathology, magnificently illustrated with 368 full- 
color plates and 127 typical x-rays. 


highly recommended.”—Bulletin of Johns Hopkins Hospital. 
superbly illustrated.”—American Journal of Clinical Pathology. 


“Dr. Schafer has gathered together in this text the finest collection of reproduc- 
tions of gross and microscopic pathology to be published in one volume. Presented 
_ essentially for the clinician, the vivid illustrations portray disease processes with 
unmatched realism, The text is brief and lucid and essentially highlights the 
pathologic process brought out by the strikingly reproduced specimens. . . a gem 
to adorn every surgeon's library. $20.00 


TP THE UNIVERSITY OF CHICAGO PRESS 
ELLIS AVENUE CHICAGO 37, ILLINOIS 


4 
2 
- 
4 
#3. 
¥ 
| 
| 
id 
14 
if 
j 
| 
é 
| 
’ | 
’ 
| | 
xf 
| 
? 
| 
% 
j 
i 
| 
. 
a 
‘ 
ie 


Here is a light source we believe really 
worthy of the optical efficiency of the modern 
_ microscope. It achieves the long-sought-after 
state of critical illumination at all powers 
cused precisely upon the slide. The light enters 
the microscope objective at an uncommonly 
| wide angle {i.e. high numerical aperture) pro- 
viding resolution of the highest order. 


| Your first look at a slide so ideally iliumi- 
| nated will be a memorable experience. Let us| 


send you the ure describing this notable 


contribution to better microscopy. 


MICROSCOPE LAMP 
215 EAST 149th STREET, 
NEW YORK 51, N.Y. 


USUAL NARROW ANGLE 
To fill objective lens, light 
must be sharply deflected 
when striking minute com- 
ponents under observation. 


Those incapable of widely 
deflecting the beam are not 
seen clearly. 


SCOPICON WIDE ANGLE 


Lens is filled by wide-angled 
beam. Diminished deflection 


y required, Small detail sharply 


LOCKED IN PERMANENTLY 
ACCURATE RELATIONSHIP 
The microscope is permanently clamped On the 
lamp platform; once the initial aligning adjust- 
ment has been made, it never changes. Carry 


the unit anywhere; tilt it to the steepest angle, 


if you will; optical alignment stays fixed always. 
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